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Mi>w a Split Phase Induction Motor Cut Out Switch Works 

Piamatary split ph^ indi^on motor with cut out switch. Fig A, cut out switch dosed 
at start; staitiug winding in circuit; fig. mot<» speeded up to point where centrifugal force 
acting on governor weights has overcome the tension of spnng and opened switch, cutting 
oat starting winding 
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Foreword 

This series is dedicatpd tp Electrical 
Progress — to all who h?tve. helped and 
those who may in the coming years help 
to bring further under human control 
and service to humanity this mighty 
force of the Creator. 

The Electrical Age has opened new 
problems to all connected with modem 
industry, making a thorough working 
knowledge of the fundamental princi- 
ples of applied electricity necessary. 


The author, following the popular appeal for practical 
knowledge) has prepared this progressive series for the electrical 
worker and student; for all who are seeking electrical knowledge 
as a life professidn; and for those who find that there is a gap in 
their training and knowledge of Electricity. 

Simplicity is the keynote throughout this series. From this 
progressive step-by-step method of instruction and explanation, 
the reader can easily gain a thorough knowledge of modem 
electrical practice in line with the best information and experi- 
ence. 


The author and publishers here gratefully acknowledge the 
hearty and generous help and co-operation of all those who have 
aided in developing this helpful series of Educators. 

The series will speak for itself and “those who run may read.” 
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IMPORTANT 


To quickly and easily find information on any subject, read 
over the general chapter headings as shown in the large type — 
this brings the reader’s attention to the general classification of 
information in this book. 

Each chapter is progressive, so that if the reader will use the 
outline following each general chapter heading, he will readily 
come to the information desired and the page on which to 
find it. 

Get the habit of using this Index — ^it will quickly reveal a 
vast mine of valuable information. 

'*An hour with a book would have brought to your mM, 

The secret that took the whole year to find; 

The facts that you learned at enormous expense^ 

Were all on a library shelf to commence ** 
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CHAPTER 57 

Internal Resistance 
Induction Motors 

Just as the electrical industry as a whole owes its present day 
development largely to the invention and perfection of the 



Fig. 2, TO"). — Wagner internal resistance motor construction 1. Armature showing low 
resistance winding, centrifugal governor and fans. Tliere is a fan on each end of armature; 
on the pulley end the blades are designed so that they may be used in balancing the armature, 
and on the opposite end the blades are spot welded to a steel plate which is rigidly bolted to tin 
core of the armature. The low resistance insulated winding is brought out to a multi^^ontact. 
short circuiting switch. The squirrel cage which underlies the insulated winding is fanned of 
copp^ bars and copper rings which are braaed together, forming permaiient imhittiikabie 
jc^ts. ' 


1,856 


Internal Resistance Motors 


alternating current system, the electrical power industry owes 
its development largely to the polyphase induction motor. 

The induction motor was simultaneously invented in Italy by 
Ferraris, in Germany by Dobrowolsky, and in the United States 
by Tesla. 

The original type was the induction motor with a short circuited rotor, 
known as the squirrel cage motor. Up to the present day , the squirrel cage 
has been in more general use than any other type. In the beginning, the 
principal advantage of the induction motor was that it permitted the utiliza- 
tion of polyphase power. Today the induction motor is more generally used 



Fia. 2,707 . — Wagner internal reeUtance motor construction Z. Another view of the 


armattune. 

tiian any other, because it is the simplest in construction, the most reliable 
in operation and the easiest to maintain. The squirrel cage motor is well 
suit^ to constant speed service where the starting duty is light and infre- 
quent. It does not possess the high starting torque needed for many motor 
applications. 

Starting Squirrel Cage Motcnrs; Difficulties. — If a squirrel 
cage motor be connected directly across the line voltage with 
. lodced armature, it will develop 125 to 150% of full load torque 
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and draw 500 to 600% of full load current. To keep the current 
down to safe values, it is customary as explained in toe preceding 
chapter to reduce the applied voltage by using a transformer, 
choke coil or rheostat. This reduction in impressed voltage also 
reduces toe starting torque, the latter varying as toe square of 
the terminal voltage. However, the starting torque developed 



Fig. 2,708 , — Wagner internal resistance motor construction 3, Detail of field. 


by a polyphase motor may be increased by increasing toe 
resistance of toe squirrel cage winding, up to toe point where 
toe squirrel cage resistance equals its reactance, at which point 
toe maximum starting torque obtainable from this nx^or is 
secured. 

The disadvantage of using a high resistance armature in a 
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general purpose motor, lies in the large slip and heavy armature 
losses causal by the high rotor resistance, resulting in a large 
drop in speed from no load to full load, with increased tempera- 
ture rise and reduced efficiency. 

Development of Internal Starting Devices. — Since speed 
adjustment is necessary for only a few applications, and the slip 



Fig. 2,709 . — Wagner internal reeietanee motor construction 4» Four way terminal bo* 
The'bo* is part of the motor frame and can be turned in any one of four directkms to suit 
conditions. The line connections can be brought directly into the box through either solid or 
flexible conduit. The terminal connections are accessible by removing the two screws that 
hold the box cover in place . The leads themselves are supported by an insulating block inside 
the box. 


nng motor described later which permits variable speed, in- 
wives the drawbacks of extra wiring, friction of the rings, 
depetKience on the skill of the operator in starting and a speed 
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varying with the load when there is resistance in the secondary 
circuit, efforts were soon made to provide in the motor itself 
some automatic means of effecting the shift from hi^ to low 
resistance. 

The first attempt was made by Prof. Arnold in Germany shortly after the 
first invention of the polyphase induction motor. He proposed the use of a 
rotor winding of many sections, the ends of each section being brought out 



Flos. 2,710 to 2,721 . — Wagner internal reaietance motor construction 5, Dtaassembly of 
motor showing assembled armature, field and end plate. 


to slip rings and so connected that the voltages in different groups opposed 
each other at start. This was equivalent to a high starting resistance. 
When the motor came nearly up to speed, the connections were re-gtx>uped 
to make the voltages assist each other and give the low equivalent resistance 
so favorable to efficient running. 

In 1894 Prof. Georges patented a motor that <H)erated on the oppomng 
voltage principle, but added an autcmiatic centrifi^ goveracr to simt the 
connections frcwn starting to nmning position. 
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In 1899 Zani invented 
a motor in wiuch the rotcw* 
resistance wasmadehigher 
at starting by the use of 
choke coils and resistors, 
connected inparallelacross 
the terminals of the arma- 
ture windings. The cen- 
trifugal governor shifted 
the cores of the choke coils 
so that the resistors took 
practically all the current 
during the starting and the 
low resistance choke coils 
took practically all the 
current at high speed. 

All of the devices j ust de- 
scribed while theoretically 
correct ,wererauch too com- 
plicated and delicate for 
any motor meant to rotate 
at 1,800 r.p.m. and be 
reasonably fool proof. The 
need for a simple and ef- 
fective self-starting motor 
was growing at a pace that 
paralleled the growth of the 
power industry. 

In modem internal 
starting devices, the 
automatic change from 
starting to running 
connections is obtained 
by centrifugal force, 
brought into effect 
through the meaits of a 
centrifugally operated 
switch whidi as the 
speed increases, acts to 
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short circuit one of the windings as shown in the accxHiipan 3 ri^ 
illustrations. 

Although a very large percentage of all alternating current Motor apfS* 
cations are at present handled by either squirrel cage or slip ring motors, 
certain disadvantages inherent in each are generally recognized. 

The low starting torque of the squirrel cage motor, and the nece^ty of 
a compensator for protecting the line voltage against surges are obviated in 
the slip ring motor but at a comparatively high cost entailing also costly 
maintenance of a more intricate motor and control. 

Because of its high starting torque and variable speed characteristics, the 
slip nng motor may be applied to a wider variety of equipment than the 
squirrel cage motor. Central stations prefer it b^use of its better power 
factor at start and provisions against line surges. 

Since variable speed is not generally required, a constant speed motor 
which combines the desirable starting characteristics of a slip ring motor 
with simple inexpensive control eifects an economic saving both for the user 
and Central Station, which fact accounts for the rapidly increasing installa- 
tion and popularity of the automatically controlled internal resistance 
self-starting motor. 


\jBy definition an internal resistance induction motor is one 
having an armature so constructed as to obtain a high resistance 
(ohmic or spurious) while starting and a low resistance while 
running without external connections. 

The high resistance may be in the form of 

1. Grids. 

2. High resistance winding. 

3. High reactance winding. 

Formerly the high resistance in form of grids was located on the spi^ 
inside of the armature itself as shown in 2,746. In this construction 
the armature is equipped with a winding similar to that of a revolving 
armature alternator and the ends of the winding are connected to sliding 
fingers which make contact with the high resistance. The position of these 
fingers controls the amount of resistance in the armature circuit, and the 
position of the fingers is regulated by a lever which operates a sliding sleeve 
mounted cm the armature ^laft. 
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Two forms of the second type just classified are given. One 
employs a combination of 

a. High resistance squirrel cage 

b. Low resistance lap winding 

and the other a combination of 

a. High resistance squirrel cage 

b. Low resistance phase winding 



RESISTANCE CONTROL KNOB 

Fig. 2,746. — Phaste wound armature for internal resistance induction motor with resistance 
gnda. In starting, the inductors are short circuited through a resistance which is gradually 
cut out as the motcu' comes up to spcsed. 


The idea of placing a high resistance winding (for starting torque) and 
a low resistance winding (for efficient running) on one rotor is not new. 
The difficulty encountered by builders of ‘‘self-start” motors lay in devising 
a simple fool proof mechanism which would be so rugged as to permit being 
endo^ in the motor frame without fear of requiring attention of any kind. 
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The operation of the high resistance squirrel cage, low resist- 
ance winding arrangement is shown in the diagram fig. 2,747. 

As explained in the preceding chapter , the total opposition to 
the flow of current in a squirrel cage motor inductor, or impedance is made up 
of the actual or ohmic resistance of the bar and the apparent or 
resistance or reactance due to self-induction. 



Fig 2.747.— End view diagram of Wagner htgh resistance squirrel cage low *f^**>< 

type of mtcmal resistance motor showing the shaft, the low resistance squirrel ca«e, tte hi^ 
resistance insulated winding, and the segments of the multi -contact switch whic h low t cir- 
cuits the insulated windmg when the armature attains 70 per cent ot running apeed. 

Since the reactance depends on the armature frequency (which in turn 
depends upon the difference between the speed of the rotating magnetic 
field and the speed of the armature) it is greatest the instant the motor is 
connected to the line in startmg and gradually decreases as the^ motw 
sp^s up. The effect of this being to cause the curr^t to lag belund the 
pressure especially at the beginning of the starting j^od as in figs. 
2,641 to 2,643. In other words (assuming low ohmic resistance k^uctors) 
the effect is that whereas there is a big current flowing at the begiiuiing of 
the starting pericxi, the maximum flow is reached too late to produce a cor- 
respondingly high torque. This initial rush of current causes a fluctuation 
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in the line voltage 
wbicb is objection- 
able especially if 
lamps be connected 
to the circuit. The 
problem is to so 
modify thearmature 
of a squirrel cage 
motor tot a higher 
starting torque will 
be obtained and 
with less current. 

By increasing the 
resistance of the ar* 
mature circuit by 
some scheme or 
other, the angle of 
lag of the current be- 
hkid the voltage can 
be lessened; that is, 
the initial starting 
condition of an or- 
dinary squirrel cage 
is changed from the 
objectionable c on - 
dition shown in fig. 
2,752 to the im- 
proved condition 
shown in fig. 2,753. 

Fig- 2,748.— Speed tOTQiic and current curves of a polyphase induction motor with different 
values of secondary resistance. For constant torque any variation in the armature re- 
sistance requires a proportionate variation in the slip. If the slip with a given torque be 
10%, for instance, it must be 20% for double the resistance. The armature resist^ce 
may be in the wildings themselves as in internal resistance motors, or it may be entirely 
separate from the machine and connected to the windings by suitable means, as shown 
in erUanal resistance or slip ring motors. 



Now, the angle of lag would also be lessened if the reactance of the armature 
circuit could be lessened; but after a squirrel cage armature is once built, 
this cannot be done economically, hence the necessity of providing an extra 
winding to secure the high resistance desired in starting. 

Of course, increasing the resistance of thie armature circuit will dimiiiish 
the current in to circuit, but this diminution in current unU not at first 
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decrease the net torque as much as the decrease in angle of lag increases the 
torque. 

Small increases in armature circuit resistance do not diminish the current 
very much, but they do materially increase the cosine of the angle of lag, 
and the greater the cosine (for a given current) the greater the torque. 

The operation of the high resistance squirrel cage, low re- 
sistance insulated winding arrangement is shown in figs. 2,747, 
2,750 and 2,751. 

This type motor has a high resistance SQUitrel cage to keep 
down the current and increase the torque while starting, and a 



Fia. 2,749. — Speed torque curves of polyphase induction motors showing effect of magnetic 
leakage . Th^ are relative curves for two eimilar motors having different values of magnetic 
leakage. 


NOTE. — It may be shown mathematically that maximum tca'que is exerted when the 
armature circuit resistance has been inoieased to equal the rotor circuit reactance. 

NOTE. — The starting torque is proportkmal to the square of the impressed vnltSge. It 
is directly proportional to the armatxire resistance and inve^y proportioQal to the eotiare of 
the total impedance of the motor. A change in armature resistance affects the startxegE toctiiie 
both directly and indirectly. So long as the armature resistance is the lesser item hi the imp^* 
an^» an increase of armature resistance results in an increase in starting torque, Beyood this 
point the inverse relatkm is greater than the direct relation and increased aimldure re^stanoe 
then causes decreased torque at starting. The reactance component of the impe^anoe Spends 
upon the magnetic leakage. If high starting torque is desired, the magnetic leakage dmuld be 
18 small as posable. 
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STARTING POSITION 

(short circuitins switch off position) 


SQUIRREL 


SHORT CIRCUITING SU0IN6 CONTACT RIMS 



Pios. 2,750 and 2,751. — Diagrams rfiowing operation of multi-contact abort circuiting switch 
of iu^ resistance squirrel cage low resistance lap ifinbading type of internal re^stance indue- 
tkMi tnotxK*. Fig. 2,750, switch open starting position; Hg. 2,751, switch closed, running 
position. The diagrams show a ring instead of a number of seements. 
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fEB CENT OF SYNCHDONOUB R. F. M. 

ftQ. 2.753- — Starting charactertetici of Wagner internal resistance motor. 
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Fig. 2,754. Sectkina] view of armature of Triumph hi^ resistance squirrel cage, low resistance phase winding, internal resistance 
T/te port9 tsT€t 1, wedge; 2, l a min ated cme; 3, low resistance, phase winding; 4 and 6, mica insulation; 6, high resistairce 
squirrel cage; 7, squirrel cage end ring; 8, binding wire; 9, wedge; A, governor case; C, inner head of case; F, privot; W, governor 
weight; PI, switch {date; R, contact plate; X, contact; S, spring; M and N, set screws. 
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low resistance lap winding for efficient operation after coming 
up to speed. 

During the starting period before the short circuiting switch acts (fig. 
2,747), the voltages induced in one half of the insulated winding oppose 
those induced in the other half as indicated by the dotted arrows H, 
these opposing voltages prevent a flow of current. During this time con- 
siderable torque is produced due to the high resistance squirrel cage. 



Fzas. 2,755 to 2,759. — Parts of Triumph internal resistance induction motor centrifugaUy oper- 
ated switch. A feature of this construction is the three point contact which insures cont^ at 
all the points even if the alignment be poor. The parts are: A, governor case, C; inner 
head of case; F, pivot; L, link; P, switch {^te bolts; R, contact plates; X,Y,Z, contacts. 


When, due to increasing speed, centrifugal force operates the short cir- 
cuiting switch pushing out the segments as indicated by the shaded posi- 
tion, the voltages induced in each of the coils produce currentB which 
circulate in their own respective paths as indicated by the full line anows D. 

The second form of the second type of internal resistance 
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motor has a high resistance squirrel cage and a low resistance 
phase winding, as illustrated in the accompanying cut. 

Fig. 2,754 is a typical example of this form. In operation it starts on a 
high resistance squirrel cage 6, without a compensator and develops a torque 
two and one-half times its normal rating. Above this bare winding, and 
separated from it by mica insulation, is alow resistance phase winding 3, 
similar to that used on a slip ring motor. 

The three wires which normally lead to the slip rings, are instead con- 
nected to three contacts on the automatic governor mounted on the shaft. 
At about two-thirds synchronous speed, the weights W, swing outward, 
operating like a ball governor on an engine, and compress the spring S, 
short circuiting the three leads from the phase winding. 

I 

At full speed, both windings operate together dividing the load in inverse 
proportion to the impedance of each. The motor then runs as a constant 
speed phase wound motor, with charactenstics the same as a slip ring motor 
which has had all of the resistance cut out of the rotor circuit. The short 
circuiting is done, however, at the motor by direct contact instead of having 
to pass through the sliding contacts into slip rings and from slip rings to the 
starter contacts. 

The third type of internal resistance motor classified as those 
having a high reactance winding is commonly known as a 
double squirrel cage motor and is explained in the section 
following. 


Double Squirrel Cage Motors. — feature of this type of 
induction motor is its simplicity since it does not use a cen- 
trifugal switch, but depends upon the change of frequency in 
the armature circuits, as the armature changes speed, to change 
the operating characteristics between starting and running 
conditions. 

This motor is called the double squirrel cage motor, since the 
armature has two complete squirrel cage windings. 
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One squirrel cage is placed within the other as shown in fig. 2,762. The 
outer squirrel cage has the same proportions as in the ordinary squirrel cage 
motor, but has a high resistance. 

Since there is little iron above the inductors through which the leakage 
flux may pass, the self-inductance of this outer winding is not very large. 
The inner squhrel cage is of low resistance and, since it is placed deep in the 
core iron, with steel filters or a steel bridge partly closing the path for leakage 
flux above it, the self-inductance is comparatively great. 

The end rings may be attached in a manner convenient for shop facilities, 
with due regard to mechanical strength and the proper ventilation to dis- 
sipate the heat. 



Fw. 2,762. — Detail of double squirrel cage windings showing placement of the high resistance 
and high reactance (low resistance) squirrel cages. 

The rings for the two windings may be combined in one ring, as ^own 
in fig. 2,763, or may be ^made separate from each other, as shown in fig. 
2,764, by suitably changing the bar proportions to give the proper effective 
resistance relations. The double squirrel cage is not a new type of wind^, 
having been originally developed in 1890, less than a year after the original 
development of the induction mot^wr. It has, however, only recently come 
into commercial prominence. 
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The application of this motor is for services requiring high starting torque 
and continuous running at full load, such as is required for crushers, plunger 
pumps, belt conveyors, and grain elevator 1^. Loads having great fly- 
whed effect such as slow speed fans, air compressors, and refrigerating ma- 
chinery also fall in this class. These duties require starting torques about 
twice full load value. 


The operation of the double squirrel cage to meet the ccwidi- 
tions depends upon several things. 



Fig. 2,765. — Fairbanks Morse double squirrel cage induction motor; sectional view showing 
arrangement of the squirrel cages and other details. In conMtruction, the armature lam- 
inations are punched for squirrel cage bars, one at the bottom of the slot and the other 
near the edge of the lamination. When the core is assembled, drawn brass bars of com- 
paratively high resistance are placed in the outer slots and welded to an end ring; in the 
inner slots are placed heavy pure copper bats of low resistance on which a low resistance 
end ring is cast. In this way, two separate concentric squirrel cages are formed. 


The frequency of the armature flux which produces the voltage in the 
armature is proportional to the difference between the synchronous speed 
and the armature speed, being line frequency at standstill and zero fre- 
quency at synchronous speed. 
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As the motor accelerates, the iron rods are thrown out of the leakage 
^pe. by centrifugal force, thus removing the choking effect from the 
inner squirrel cage when the motor is running. 

At starting there is a slight noise due to the rods changing position, 
but since this is practically instantaneous the noise is not objectionable. 



Figs. 2,771 and 2.772 . — Operation of choker rod of Fairbanks Morse choker type double squirrel 
ca^ motor. Fig. 2,771, armature at rest, choker rods held in closed position by mag- 
netic attraction; fig. 2,772, armature nearly up to running speed, choker rods thrown out 
by centrifugal force to open position, opening the leakage gaps. 


Double Squiirel Cage Characteristics. — The starting torque 
is approximately 150% of full load torque with full voltage 
applied, althou^ this value varies between 145 and 180% for 
the different ratings. 





Figs. 2,774 and 2,775. — Century automatic start polyphase induction motor armature. Fig. 
2,774, partly assembled; fig. 2,775, complete. There are two separate windings on the 
armature. In operation^ the motor starts with approximately one third of the armature 
inductors in seirvice until a predetermined speed (about % of synchronous speed) is reached, 
when a governor places the additional armature copper in service. The armature induc- 
tors which are in active service during the first part of the starting period, as used on the 
15 h.p. 60 cycle, 4 pole sizes and larger, are in the form of a squirrel cage. This squirrel 
cage is made up of half round bars and teamed U shape end rings brazed together The 
starting winding cm the smaller sizes consists of bare copper wire coils, each being short 
circuited upon itself by welding the ends of the coils together. The balance of the anpa- 
ture copper, which is put into service in the latter part of the starting pericxi, is an inaxilated 
winding connected to contact segments. The short circuiting of the insulated armature 
winding is accomplished by the use of short circuiting segments and a centrifugal force 
governor. When the governor acts (at approximately % full load speed) the copper short 
circuiting segments slide into a position which connects each insulated coil to a copper short 
circuiting ring of substantial cross section. 
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Fig. 2,776. — Century automatic start polyphase induction motor; sectional view showing 
construction. The parts are as given below. 


i Name plate 
S Eecutcheon pin 
8 Frame 
i Field abre 

5 Field core 

6 End bradcet ecrew 

7 Contact eegmente 

8 Paper ring 

8 Contact head 

10 V-rlna 

11 VentilatInO t on 
18 Oil weU cover 

18 Dog point bearing adPew 

14 Shaft collar 

15 Front bearing cap 

16 Phoephor Ipronse bearing 

17 OUring 

IS Governor spring 

18 Ventllatittg fan eat screw 

lock not 

88 Venttlattng fan eat ecrew 
81 Oil drain idug 
88 Fan felt 

88 Paper ring, tapered 
84 Mliartei 


85 Shm^-drcuiting ring 

86 Short-circuiting segments 

87 Spring barrel 

88 Governor pin guide washer 

89 Rail 

80 Front armature aange , 

81 Terminal guard screw 
88 Terminal guard 

83 Porcelain terminal block 
34 Armature ven ti la ti ng grids 
85 Sub-base bolt washer 
80 Square head mac hi n e bolt 

37 Sub-base screw 

38 Heugon nut 

88 Armature core key 

40 Armature nut 

41 Governor weight, rivet 

48 Governor vwdght pin rivet 

43 G o ver no r weight pin 

44 BeU crank 

45 Bell crank stud 

46 Cotter pin 

47 Oovemor welglit link 


48 Governor weight Unk rives 
40 Governor weight bushing 

50 Governor weight stud 

bushing 

51 Pulley 

58 Pulley set screw 
63 Back bearing cap 

54 Pulley key 

55 Shaft 

56 OH ring guard screw 

57 Ott ring guard 

58 Governor weight stud 
Governor weight stud 

washer 

60 Governor weight waeher 

61 Governor w^^t 

68 Bade armature iteiiga « 

63 Armature Bbre 

64 Armature core 

65 End ^te 

66 Field ring ecrew 

67 Field ring 
68Byebo|,t 

68 Held veatUatiag gride 
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Other. This ratio for the average general purpose motor is in the propor- 
tion of approximately 175% of full load torque at the maximum point, 
and 450% of full load current at start. With the double winding, the 
starting torque is not so closely allied with the starting current. With 
the above conditions of maximum torque and starting current, the stai ting 
torque may have any value between 75 and 250% full load value by vary- 
ing the resistance and reactance of the upper and lower squirrel cage 
windings. 

If a general purpose motor primary be used with a double squirrel cage 
secondary, the maximum torque is reduced to approximately two thirds 
of the original value, when the starting current is brought down to meet 
the values specified by the N. E. L. A. This means that motors which 



Fig. 2,777.— Century automatic start polyphase inductitm motor frame and field winding. 

have a maximum torque less than about 2.75 times full load toiqiue as a 
general purpose motor, must have a stronger field when used with a double 
cage armature. This results in lower power factor, due to the increased 
magnetizing current. General purpose motors of the hig^ speeds, t^t 
is, 1200-1800 and larger motors at 900 r.p.w. have maximum torques 
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which are sufficiently high to permit the use of double cage armatures 
without strengthening the field. Such motors will not have as great a 
decrease in power factor as the slower speed motors, when used with 
double cage armatures. 

High starting torque, continuous runmng applications are filled by 
using external resistance motors or double squirrel cage armatures for full 
voltage starting. The external resistance motor should be used where the 
mass to be accelerated is large, as on fly wheels or other high inertia loads, 
so that the high losses during acceleration can be taken out of the motor 
to the external resistance. 

The double squirrel cage motor is lised where the starting torque is 
high and the inertia is not too large. The double squirrel cage armature 
is also used where danger of explosion precludes the use of collector rings 
and brushes, and where simplicity and ruggedness of construction over- 
balance the other conditions in favor of wound armature motors. Specifi- 
cations for these motors should include the values of starting current and 
the maximum torque desired, bearing in mind the ratio between them 
given above. With greater starting torqueftthe efficiency will be lower. 
High speed motors with high starting torque will have m^ium reductions 
m power factor. Slow speed motors will have a greater reduction in power 
factor. 

High Slip versus High Torque Motors.* — It has long been 
known that an increase in the armature resistance of an in- 
duction motor, without changing other design constants, re- 
sults in an increase in slip, and up to a certain point, increased 
starting torque, without change in maximum or pull out 
torque. Hence there is a widespread idea that the terms 'Tiigh 
slip’' and ''high starting-torque" are synonymous. This is not 
necessarily the case. 

Two motors of the same rated horse power and speed may 
be designed to vary widely in reactance and other characteris- 
tics, depending on the purpose for which they are intended. 
Hence a high slip motor may have a fairly low starting torque; 
and a motor wilJi high starting and pull out torques may have 
a low slip. 

♦NOTE. — ^The author is indebted to F. J. Johns of Westinghouse Electric & Co. for 
the accompanying discussion of high slip versus high torque motors. 
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In fig. 2,778: 

is a high slip motor, designed with a high resistance armature and 
normal resistance. 

is a high torque motor, designed with a normal armature resistance 
and low reactance. 

C, is a motor designed with a high resistance, low reactance starting 
winding and a low resistance, high reactance running winding, such as a 
motor with a double squirrel cage armature winding, the starting winding 
being near the armature surface or air gap and the running winding deep 



Fig. 2,778. — Speed torque and current curves of 25 k.p. 8 pole, 60 cycle induction motors 
according to F. J. Johns (of Westinghouse Co.) Ai, speed torque of a high slip motor; Bi, 
speed torque curve of a high torque motor; Ci, speed torque curve of a line start motor. A, 
current torque curve of a high slip motor; B, current torque curve of a high torque motor; 
C, current torque curve of a line start motor. 


in the armature core below the starting winding. The load current is 
shifted automatically from the starting winding to the running winding 
by the change in armature reactance as the armature speed increases. 
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Because of the confusion of terms, in some cases, high torque 
motors have been applied where high slip motors ^ould have 
been used. 

A high slip motor should be used on such applications as shears, punch 
presses and all fly wheel applications where the motor must slow down 
to allow the fly wheel to give up its kinetic energy, with sufficient time 
between the operations of the machine to allow the fly wheel to gain speed 
and store up sufficient energy for the next operation. 

Motors for fly wheel application seldom require a high starting torque, 
the standard torque value being sufficient. For such application, the 
motor should be referred to as a high slip motor and not as a high starting 
torque motor. 

On the assumption that a high slip, high resistance armature motor is a 
high starting torque motor, high slip motors have been used for applica- 
tions such as conveyors, compressors, etc. On these applications a low 
slip, high starting torque motor should be used, as the motor must start 
a heavy load from rest and the running speed should be as high as possible. 

A difference in speed on a conveyor or similar application of 100 r.p,m. 
may slow up the handling of material, etc., considerably; also the speed 
variation of the motor from no load to full load should be practically 
constant. 

The torque curves shown in fig. 2,778 are good examples of 
ideal torque curves. 

These three torque curves are free from cusps, and the three motors 
are capable of bringing up to speed any load they can start . The shape of 
the torque curve is of importance, as a cusp in the curve which reduces 
the torque between start and maximum points to a value considerably 
below the starting value may result in the motor failing to come up to 
speed. This would require replacement of the motor with one which has 
a torque curve approaching the curves shown in fig. 2,778, or a motor of 
higher rating. 

It is usually recommended that a motor have nearly 200% 
of full load torque at its maximum or pull out point. 

For most apphcations this is not necessary. Comparing the maximum 
torque value of the motors shown in fig. 2,778, the line start motor and 
the high slip motor have approximately the same value of maximum torque, 
namely 213% of full load torque, whereas the high torque motor has 
325% of full load torque at its pull out point. 
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The horse power of these motors at their maximum or pull out points 
IS 34.6 for the high slip, 48 for the line start and 57 7 for the high torque 
motor. Obviously the value of maximum torque in terms of full load 
torque is not always a measure of the maximum horse power that a motor 
will deliver, momentarily without overheating or pulling out. 

The starting currents of the three motors under discussion 
can be taken from the current curves. 

They are the extreme upper ends of the curves. There is not much 
difference between the starting current for the high slip and the line start 
motor, but the high torque motor takes considerably more current at 
start. 

From the speed torque and current torque curves in fig. 2 ,778 
the following conclusions can be drawn: 

1. A high slip motor is not necessardy a high starting torque motor, t.t 
a motor with a high armature resistance does not always have a high start- 
ing torque. 

2- A high starting torque motor can be built without high resistance 
armature, in which case it is not a high slip motor. 


NO'FE — Effect of changes in voltage and frequency on induction moU'>r operation. 
According: to B. G Lamine, some variations from normal voltage and frequency are generally 
permissible with any induction motor, but such variations are always accompanied by changes 
from normal performance With either the voltage or the frequency ciffenng from normal 
the following performance changes must I e expected 


Conditions 

Power Factor 

Torque 

Slip 

Voltage high 

Decreased 

Increased 

Decreased 

Voltage low 

Increased 

Deci eased 

Increased 

Frequency high 

Increased 

Decreased 

Per cent slip unclianged 

Frequency low 

Decreased 

Increased 

Per cent slip uni hanged 


Usually a variation of either voltage or frequency not exceeding 10% is permissible and 
withm this limit the efficiency remains approximately unchanged. The voltage and fre- 
quency should not be varied simultaneously m opposite directions, that is, one decreased 
and t^ other increased. If an induction motor must operate on frequency other than stand 
ard, the performance will be better if the voltage be changed m proportion to the square root 
of the fr^uency. Thus a 400 volt, 60 cycle motor operating on 66^ cycles will have very 
nearly its normal operating characteristics if the voltage be raised to 400 X V66% +60 «=420 
voita. Decreasing the voltage much below normal is seldom permissible on account of re- 
sulting increased temperature rises An increase m the frequency results m a 
reduction in the maximum load which an induction motor can carry. 
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3. Two motors of different design can have the same starting torques 
and different pull out torques; or they can have the same pull out torque 
values and different starting torque values. 

4. Two motors of different desi^ can have widely different values of 
starting current for the same starting torque; or they can have different 
values of starting torque for the same starting current. 


It is seen, therefore, that in specifying a motor for a given 
application it is better to do so, not on the basis of design char- 
acteristics, but on the basis of operating characteristics desired. 



Ques. For what size motors is the internal resistance 
method suited? 

Ans. Small motors. 

Ques. Why is it not desirable for targe motors? 

Ans. The excessive PR loss in the resistances, if confined 
within the armature spider, would produce considerable heating, 
and on this accoimt it is best placed external to the motor. 

Ques. On what class of circuit are internal resiataiiee mo* 
tors desirable? 


FLOAT -SWITCH 






SiLuirrci-uij 

Sfartin;^ Idle 
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Ans. On circuits devoted to light- 
ing service as well as power service, 
when a high degree of voltage regu- 
lation is essential. 
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The initial rush of current when a 
squirrel cage motor is thrown on the line 
is more or less objectionable and there are 
central stations which allow only resist- 
ance type of induction motor to be used 
on their lines. 


Oscillograms of Starting Current 
for Internal Resistance, and Squir- 
rel Cage Motors. — The current at 
the instant of starting a squirrel 
cage motor is 500 to 600% of the 
full load current if full voltage be 
applied. Hence compensators or 
rheostats are almost invariably used 
to reduce the starting voltage for all 
squirrel cage motors above 5 h.p. 
Thus the current at starting de- 
pends on the compensator taps used 
or on the amount of resistance in- 
serted in series with the motor. 
Usually the compensator is tapped 
at the 70% points so that the ciu- 
rent at the instant of starting is lim- 
ited to 300% of full load value, 
which is about equal to the maxi- 
mum current in an internal resist- 
ance motor. However, there is a 
marked difference between Uie two 
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motors in this respect. The gov- 
ernor inside the starterless motor 
automatically limits the current so 
that it never exceeds 300% of full 
load value. 

When a squirrel cage motor is 
used the plant engineer can set the 
compensator taps so that the cur- 
rent at start is no more than 300% 
of full load, but at the moment when 
the compensator handle is pulled 
over from starting to running posi- 
tion, there is a sudden drop and 
jump of current, and considerable 
voltage fluctuations may result if 
the handle be pulled over too soon. 
The oscillograms, figs. 2,781 to 
2,786, show clearly the extent to 
which the squirrel cage current 
peaks depend on the skill of the op- 
erator. 

An oscillogram is the tracing left 
on a photographic film by an oscillat- 
ing beam of light, the amplitude of 
the oscillation being a measure of the 
line current. The cylindrical film is 
rotated at xmiform speed. Thus 
these oscillograms are accurately 
traced curves showing just how the 
line current changes with the elapsed 
time after starting. 

The following comments on figs. 
2,781 to 2,784 are of major interest. 
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1 . Note the sudden drop of current to zero at the moment of switching. 
This occurs in all squirrel cage motors, and is followed by a sudden current 
peak the extent of which depends entirely on the speed of the armature at the 
time the compensator handle is thrown. With the starterless, no sudden 
break can occur. 

2. Note that the time of correct switching for the 30% full load torque 
IS later than for idling tcM'que, since it takes more time for the loaded rotor 
to come up to speed . Thus the moment when the operator should make the 
shift from starting to running conditions vanes with the make of the motor, 
with the compensator taps used, with the load torque and the load inertia. 
He can only make a guess as to the right moment . The starterless switching 
automatically occurs at the right rotor speed, hence dangerous current 
peaks can never occur. 

3. At point A, is shown a sudden high current peak, even when the 
switching is correct. Its cause is as follows: When the compensator handk 
is shifted from starting to running position, the stator current drops to zero 
but the rotor is still rapidly rotating and its circuit is not broken, so that a 
large current still continues in it, and induces a voltage in the field. When 
now the compensator running contacts are closed, the line voltage may be 
applied at just the instant of mzLximum voltage induced by the rotor. If 
this occur, a very heavy current inrush will take place which will result in 
fiickenng of lamps and severe strains in the motor. With the starterless 
motor this current inrush cannot occur because all the switching is done in 
the rotor circuit, not the line circuit. 

4. Note that all the above oscillograms are lor much less than full load 
torque. It is not unusual to find a frictiona' starting torque in practice 
amounting to as much as double full load torque. If such a torque were Iwe 
used with incorrect switching, the resultant current peak would reach ximiy 
times the full load current . 


The following comments on figs. 2,785 and 2,786 are of 
major interest: 

1 . Note that the time of switching occurs later lor the high 
IS because it takes longer for the loaded motor to reach the correct switdl^ 
speed, which is 70% of synchronous speed. The human teiKieiicy 
squirrel cage is to throw the compensator switch after the habit 


NOTE. — The osollograms figs. 2,781 to 2,786 are here shown by courlieqar 
Electric Corporation who make internal resistance oe so-called **Starterie«» 

In the above text, the claims as to performance of the Wagner motor, are HiOie made bf IImiI 
manufacturer. 
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interval has elapsed. This often means 
that the switch is thrown with the arma- 
ture at too low speed. The governing 
mechanism of an internal resistance motor 
short circuits and thereby throws into 
action the low resistance running cir- 
cuit when the armature reaches 70% of 
synchronous speed. This it does, auto- 
matically, independently of human falli- 
bility. 

2, No oscillograms of incorrect switch- 
ing could be taken, since it is impossible 
to start this motor incorrectly. The 
switching is done by a governor inside the 
rotor. 




Advantages of Internal Resist- 
ance Motors. — There are several 
advantages gained by the use of 
this type motor for installation 
where the motor is adapted to the 
service requirements as here enu- 
merated. 

1. Minimum Voltage Fluctuations, 
— During starting, the internal resistance 
motor has a higher power factor than the 
squirrel cage, so that it draws a smaller 
current from the line, for a given starting 
torque, and therefore causes smaller volt- 
age fluctuations. 

2. Remote Control is very simple as a 
starter is required it is connected directly 
across the line. 

3. High Starting Torque of twice 
the full load torque . This sustained high 
torque during the starting period brings 
the motor up to speed so quickly that the 
starting currents have no time to cause 
serious heating. The starting torque can 
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be so high as to cause a sudden kick and belt burning or breakage and in 
this connection experience has taught that the torque should be limited 
to twice the full load value. This is the maximum safe torque for most 
applications. 

4. Predetermined Starting Characteristics which give 

a Automatic limitation of the current to safe values. 
b Smooth quick acceleration without appreciable Ime surges. 
c Independence of human carelessness in starting 

5. Freedom from expensive control apparatus. 

6. High Efficiency comparable with the best slip ring and squirrel cage 
types. 


TEST QUESTIONS 

1 . What type of induction motor is most generally used? 

2. What difficulties are experienced in starting squirrel 

cage motors'^ 

3 . What is the disadvantage of using a high resistance 

armature in a general purpose motor? 

4. Describe the development of internal starting devices. 

5. Who introduced the automatic centrifugal governor 

to shift from starting to running connections? 

6. What is an internat resistance induction motor? 

7. Name two general classes of internal resistance 

motors. 

8 . What difficulties were experienced with grids? 

9. Describe the operation of a motor having a high re- 

sistance squirrel cage and a low resistance lap 
winding. 

10. What is the object of using a high resistance squirrel 
cage’’ 
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1 1 . Describe the mechanism of a multi-contact auto- 

matic short circuiting switch. 

12. Describe the operation of a motor having a high re- 

sistance squirrel cage and a low resistance phase 
winding. 

13. What name is given to the type motor having a high 

reactance winding? 

14 What is the chief feature of the double squirrel cage 
motor? 

15. What is the object of a double squirrel cage"^ 

16. Upon what does the operation of a double squirrel 

cage depend? 

17. Describe a double squirrel cage motor with choker 

18. Upon what principle does the operation of a double 

squirrel cage choker depend'^ 

19. State the characteristics of a double squirrel cage 

20. Give comparison of high slip and high torque motors 

21. State the effect of changes in voltage and frequency 

for induction motor operation. 

22. For what size motors i.s the internal resistance method 

suited'^ 

23. What is the objection to large internal resistance 

motors ^ 

24. On what class of circuit are internal resistance mo- 

tors desirable? 

25. State four advantages of internal resistance motors 
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CHAPTER 58 


External Resistance or Slip 
Ring Induction Motors 

There are three general types of commercial polyphase induc- 
tion motors in use today. 

1. Squirrel cage. 

2. Internal resistance. 

3. External resistance. 

The external resistance induction motor variously called, slip 
ring, wound rotor or phase wound, is hereafter spoken of as slip 



Figs . 2,787 and 2,788 .---General Electric elip ring motor construction 1. PmtuUly wound 
fields showing exposed laminations, oiled paper and linen slot insulation, form wound coils 
wrapped with “assembly’' or (sacrifice) tape which affords protection while installing, and a 
perfect fit in the slots 
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Fia. 2,790.— Triumph »Up ring motor con$truction,-^2. Frame with field winding partially assembled. Coils are form wound. 
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ring motor to avoid confusion with the internal resistance 
motor. 

By definition, a slip ring motor is an induction motor which has 
a polyphase winding similar to that of the stator, the rotor windings 
being connected at one end and brought out to a variable external 
resistance through slip rings. 



PER CENT FULL LOAD TORQUE 


Fio. 2,791. — Speed torque curves for Wagner slip nng motors with armature short circuited 
(inherent speed torque) and with resistance inserted to give maximum torque at standstill 
Wagner slip rmg motors for contmuous duty are designed for a maximum torque of approx- 
imately 250% full load torque In other words this type of motor, when subjected to an 
extreme overload, will exert a momentary torque equal to 250% of full load torque before 
pulling out of step. The upper curve shows the speed torque performance of this motor when 
operated with the armature short circuited This curve is called the inherent speed torque 
curve of the motor in that it shows the performance of the motor with all external resistance 
short circuited It will be noticed that the motor develops 175% of full load torque at 
standstill and that the torque slowly increases m value to 250% at approximately 68% of 
8}rnchrofiou8 speed. The torque then begins to decrease slowly as the motor appiroaches full 
speed. At full load the motor develops normal of 100 % torque and operates at approximately 
96% of synchrcwious speed On other than rated load the motor will operate at the speed 
shown on the curve for the corresponding torque requirement At 250% of full load torque 
the motor become unstable and will “pwill out” as shown by the lower part of the curve which 
brings the nwtor to rest The curve marked “starting at maximum torque” shows the speed 
torque relations during starting when the resistance inserted and retained in the armature 
circuit 18 of such value as to give maximum torque at a standstUl With this same amount of 
resistance kept in the armature circuit while the motor is operating this curve also shows how 
the speed of the motor will vary with the torque required by its load. 

NOTE. — ^The commonly used terms wound rotor and phase wound, for an external resistance 
motor are ridiculous because they do not fully classify . For instance, the terms are commonly 
though questionably applied to internal resistance motors such as shown in Chap 57, and 
external resistance motors such as shown m this chapter The term shp ring fully defines the 
motor as to type and leaves nothing to the imagination 
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CENT FULL LOAD TORQUE 


Fig 2,792. — Speed torque curves of Wagner slip nng motor equipped with starter having eight 
steps of resistance. The resistance in the armature circuit is contained m a motor controller 
Assuming that the motor load requires a litde over full load torque to start, it will be noticed 
that with the controller handle on the first step of resistance, only 75 % of full load torque is de- 
veloped — not sufficient to start the motor. Moving the handle to the second step cuts out a 
section of resistance and causes the motor to develop 118% of full load torque. The motor 
will start anl the speed increases to 20% of synchronous speed The speed remains at this 
value until the controller handle is moved to the third step, which cuts out another section of 
the starting resistance The motor speed then increases in accordance with the third curve 
from the left until 50 % of s^mchronous speed is reached. Moving the controller handle so as 
to cut out more resistance causes the motor to build up to 68 % of synchronous speed, and so 
on. until full load speed, which in this ca^e is 95% of synchronous speed, is attained 
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FER CENT FULL LOAD TORQUE 

Fig, 2,793. — Speed torque curves of Wagner slip nng motor equipped with machine type speed 
controller having eight steps of resistance The diagram shows the speed torque curves of a 
shp nng motor used with a machine type controller. If the machine dnven require full load 
tOTque at all speeds, the intersections of the speed torque curves with the 100% torque line, 
show the motor speeds with the controller handle on the various steps If the motor load 
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Ques. How is 
the armature 
winding connect- 
ed? 

Ans. It is con- 
nectedinY group- 
ing and the free 
ends connected 
to the slip rings, 
leads going from 
the brushes to 
the variable ex- 
ternal resist- 
ances, these being 
illustrated in fig. 
2 , 795 . 


Fig. 2,794 . — Westinghouae slip ring motor construction. Cut away view showing con- 
struction. 


NOTE . — Slip ring motor armature winding . — Usually there are three phase windings, 
irrespective of the number of phases of the field. The polyphase armature winding creates 
a uniformly revolving field. It is then possible to use any number of phases desired in the 
field just as the rotating field alternator may be connected for any number of phases. How- 
ever, the windings on the armature must be grouped to produce poles corresponding in num- 
ber and location to the poles of the field. In the squirrel cage winding this effect is obtained 
automatically although the armature winding is not arranged with definite pole grouping. 
It has been found that the characteristics of the slip ring motor are improved by increasing 
the number of phases in the armature winding. The squirrel cage winding is, in effect, a 
multi-phase winding. Three phase windings are used for slip ring motors because they re- 
quire but three collector rings. Single phase windings would require two rings only but would 
afford much poorer performance. An increase above three phases is not justified as the im- 
provement is insufficient to offset the added complexity of motor, control and wiring. The 
star connection is used exclusively for armature windings as it yields the highest armatme 
voltage for a given number of armature inductors and adapts itself readily to the insertion 
of external resistors in the armature circuits. 


Fia. 2,793 . — Text Continued. 

vary, the motor speed will follow tlie speed line corresponding to the setting of the controller 
handle. For example, if the torque required be reduced from 100 to 60 % of full load torque 
while the controller handle is on the third step, the speed will increase from 48 to 76% of 
synchronous speed. If it be desired to retain the same speed at which the motor was oper- 
ating when delivering full torque, the arntroUer handle should be moved to the second 
step, causing the motor speed to drop to 50% of synchronous speed. 
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Comparison of Types. — The squirrel cage motor is the one in 
most general use. It is simplest in construction, the most reli- 
able in operation and the easiest to maintain. For constant 
speed service where the starting duty is light and infrequent, 
this type of motor is eminently well adapted. However, certain 
classes of service require a higher starting torque than is obtain- 
able with a squirrel cage motor and central stations frequently 
insist upon a definite limitation of .motor starting currents. To 



Kic. 2,795. — External resistance or slip ring induction motor connections. The squirrel 
cage armature wmdmg is not short circuited by cc^per end rings, but connected m Y group- 
ing and the three free ends connected to thr^ shp rings, leads going from the brushes to 
three external resistances, arranged as a tni^x rheostat having three amu ngidly connected 
as shown, so that the three resistances may be varied simultaneou^y azul in equal amounts 


meet these conditions the internal resistance motor described in 
the preceding chapter was developed. 

In addition to meeting conditions just mentioned, the slip 
ring motor is the only industrial type of polyphase motOT 
adapted to variable speed service. Wide variations of speed may 
be obtained without complicated arrangements. 

Starting and speed variation alike are accomplished by means of a con- 
troller connected to the slip rings of the motor. This contrdler ccmsists of 
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an adjustable resistor . With all resistance out of the circuit, that is with the 
armature short circuited, the motor runs at full speed. Starters and con- 
trollers are similar in construction differing only in the rating of the resistors 
used and in minor details of construction. 



Fjoe, 2,79B and 2/799. -—^nerai Electric elip rln0 motor conetruction S, Comptst§d 
fitids showing systematic arrangement of connections to facilitate reconnecting, compcuad 
insnlfition. outlets? for leads, etc. 




Fig. 2,S00. — General Electric elip ring motor conatruction 4, Armature ready iorwiod^ 
showing heavy end flanges secured by through bc^ts and end Angers. 



Fig. 2,801. — General Electric elip ring motor conatruction 5. Partiaily toeund ernuOurt. 
Insulated copper bars are inserted in insulated slots and are supported at ends by wide 
insulated flanges. 
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A squirrel cage motor of well balanced design will develop at starting 
on full voltage 125 to 150% of full load torque and will draw 375 to 450% 
of full load current. 

An internal resistance motor of good design will develop from 180 to 
225% of full load torque with a starting current of 225% of full load current. 
These starting currents are 75% of the “locked" currents. 

With a slip ring motor the starting torque and the starting current are 
under the control of the operator and may be varied at his will. The slip 
ring motor accordingly permits the heaviest loads to be started slowly and 
smoothly with no objectionable line disturb.-^nces. 



Figs. 2,803 and 2,804. — General Electric slip ring motor construction 7. End shields 
Shields interchangeable, end for end. Rabbet fits prevent misplacement. Plenty of heav)/ 
cap screws hold shields firmly to field frame. Fig. 2,803, collector ring end shidkl witLi 
brush rigging assembly; fig. 2,804, pulley end shield. 


Construction of Slip Ring Motors. — The following irepre- 
senting the practice of one manufacturer is typical of approved 
methods in the construction of motors of this type. 

The armature windings are composed of coils having several turns which 
are grouped into polyphase systems . These coils are connected together atone 
end. Each phase group of coils is made of one continuous copper bar, 
reducing the end connections to a minimum and consequently the number of 
soldered joints, thereby eliminating the human element as much as prac- 
ticable in the manufacture of the windings. The phase groups are insulated 
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fiG. 2,805. — ^AiUs Chalmers type ARY external resistance or slip ring motor. This type 
motor is adapted to keep the starting current within limits, or where a large starting torque 
is required, the slip ring or woimd rotor tyjje is used. This type requires a smaller current 
to develop a given starting torque , and is therefore used where fluent starting is necessary . 


Fig. 2,806. — Brush holder of Allis 
Chalmers type ARY external resist- 
ance or slip ring motor. It is of the 
double holder type cast in one piece 
of bronze metal. One holder (with 
two brushes) per ring is used on 
small ratings and two holders (four 
brushes) on larger ratings. The 
boxes are radial to the slip rings, and 
adjustment of the angle of contact 
as the brush wears, is unnecessary. 
The pressure arms are of heavy, cop- 
per plated, clock spring steel, mount- 
ed face to face, which equalizes the 
stresses set up in the bnish holder 
stud. Adjustment of tension is 
made by means of the tension ad- 
justing arm, which also acts as a retaining pin for the studs on which the pressure arms 
are mounted. By removing this tension adjusting arm, the entire pressure arm assembly 
can be readily removed. Current is carried by the brush pig tails from the brush to a lug 
bolted to the holder. Separate terminal lugs are provided for the secondary leads. 
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from each other. When the winding is completed, the slots are dosed with 
treated hardwood wedges, which, with the banding wires over the coil 
extensions, hold the coils securely in position. The armature is baked to expel 
all moisture, and the winding is completely saturated with hot insulating 
compound which makes it practically impervious to moisture and other 
deteriorating elements. 



Pig. 2,807. — Sleeve bearing of Allis Chalmers squirrel cage and slip ring motore. In con- 
atruction, the bearings are of the ring oiling type and in the small motors have ahiminum 
bronze bushings. The bushings of the larger machines are of cast iron, babbitt lined. Each 
bearing is protected against the entrance of dust or dirt. Screwed down steel plates for 
inspection of the oil rings, oil overflows with hinged caps f<M* filling and pipe plugs for drain- 
ing the oil wells are part of the regular equipment furnished; Suitable slingers are also 
provided to prevent oil being drawn from tl» bearings and thrown into the motor. Where 
motors are intended for gearing or coupling, si^it bearings and sj^t end brackets or hous- 
ings are recommended and can be furnished for all motors above 5 k.p. 

Starting Devices for Slip Ring Induction Motors. — ^Auto- 
matic starters are commonly used for the smaller sizes of slip 
ring motors. They consist of primary and secondary con- 
tactors or magnetic switches mounted on a slate panel with 
starting resistors, all being enclosed in a steel cabinet. With 
this type starter, operaticwi is controlled by “start” and “stop” 
oush buttons. 
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Pushing the “start*’ button closes the primary contactor and applies full 
voltage to the field windings with sufficient resistance in the secondary or 
armature circuit to limit the starting current to 150 or 200% of normal full 
load current. 



Figs. 2308 and 2,809. — Continuous windings of taped copper ribbon as used on Fairbanks* 
Morse slip ring motors. The continuous winding has for its object the elimination of a 
multiplicity of soldered connections. 



Fig. 2,810. — Armature construction of Wagi^r ^30 h.p. slip ring motor. 
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A time limit relay controls the operation of the secondary contactor, and 
after a short interval closes it and cuts out the resistance in the armature 
circuit. Pushing the “stop*’ button opens both contactors and stops the 
motor. 


The drum type starters have the switching device mounted in 
a vertical position, and the operating handle has a rotary 
horizontal motion. A star wheel is mounted on the shaft so that 
each step can be felt by the operator. The resistance is placed in 



f'la 2,811. — General Electric slip ring motor with switch and push button in primary and 
rheostat in the secondary. 
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a separate frame which may be placed at some distance from the 
drum ccmvenient to the installation. 

Slip ring motors require a primary switch to control the cur- 
rent supply to the field winding in addition to the control for 
the armature circuit. This may be a magnetic contactor or 
primary oil switch interlocked with the drum controller. 



Fig. 2,812. — ^Allis<!)halmers slip ring zxiotor with drum starter and primary oil switch. A me- 
chanical interlock is sometimes provided between the drum starter and the primary oil 
switch to prevent closing of the primary oil switch when the secondary resistance is not in 
the circuit. 


Speed Regulating Devices for Slip Ring Induction Motors. — 

Speed regulators are usually designed to give 50% reduction 
from normal speed, and consist of a resistance unit designed for 



External Resistance Motors 


1,911 



continuous service together 
with a switching device for 
varying the amount of re- 
sistance in the armature 
circuit. 

Speed regulators must be 
selected with particular ref- 
erence to the kind of service 
for which they are to be 
used. They may be divided 
into two classes, as, 

1. Those for use where 
the torque varies with the 
speed at which the machine 
operates. 

2. Those for use where 
the torque is approximately 
the same at all speeds. 
Manually operated speed 
regulators are classified in 
two types. 

1. Face plate; 

2. Drum. 


Fig. 2,813. — Allis Chalmers vertical slip ring motor. It is provided with ball bearings 
having a combined radial and thrust bearing at the top and a radial bearing at the bottom. 
This arrangement is used for motors where the shaft extends downward. If the shaft ex- 
tension be upward, the thrust is taken at the bottom of the machine. A sleeve is fastened 
in the bottom of each bearing and extends upward considerably above the level of the oil. 
The bearing is mounted on another sleeve fastened to the shaft, this fastening being above 
the stationary sleeve. The construction is such as causes circulation of the oil and a ocm- 
tinuous flow thereof to the wearing mirface of the bearing at all times. The bearings are 
supplied with suitable oil level indicaton, and means for readily filling the bearings with 
fresh oil. 
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Face plate regulators are self-contained and control the secondary circuit 
only. 

Drum type speed regulators consist of a drum switch with a resistance unit 
mounted separately and are designed for continuous service on any point of 
the drum switch. These regulators are furnished for either reversing or non- 
reversing service, the latter controlling the secondary or armature circuit only . 
The reversing type, in addition to controlhng the secondary circuit, is also 
equipped with a reversing switch for the primary circuit, this switch being 
mounted on the control shaft and being operated directly by the control 
handle. This permits a reversal of the same direction of the motor and per • 
mits speed control in either direction. 



Fig. 2,814. Allis Chalmers slip ring armature as used on external resistance or slip ring 
motors. The armature is of the phase wound type having the terminals brought out to 
three slip rings. 


Controllers for intermittent service motors are made either 
for reversing or non-reversing duty as required; the drum switch 
and the resistance units are designed only for intermittent 
service and give 50% speed reduction with one-half full load 
torque. 

Controllers for mine and other service often require special 
graduatkms of resistance steps, depending upon the results to 
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be obtained . These controllers are also similar in appearance to 
the drum type starters. It should be remembered in applying 
slip ring induction motors and in selecting control equipment 
for them that they are adjustable varying speed machines. This 
means that the speed of the motor may be varied, but that when 
once set will not remain constant if the load change. 



Fig. 2,815. — Sectional view of Wagner internal resistance motor showing directed draught 
ventilation. 

Pole Changing Induction Motor. — The field winding of an 
induction motor is grouped so as to produce an even num- 
ber of poles, which nximber remains fixed in the ordinary type 
of this motor. The speed depends on this number of potes and 
on the frequency, the rated no load speed (in revoluticms per 
second), being equal to the frequency {in cycles per second) 
divided by the number of pairs of poles. 

Frcxn this rale it is evident that if the number of poles could be douUed 
the speed wmild be reduced erne half. This is done in what is calted the 
“pole changing” or “pdar wound” induction motor. 

Taps are brought out horn the winding to a double throw switch. 
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Practical difficulties limit the attainable efficient speeds to two, usually 
in the ratio of one to two. This limitation and the increased cost of build- 
ing the motor restrict its use. A squirrel cage armature is often used. 


In the polyphase motor, shown in fig. 2 , 816 , which is specially 
designed for oil well pumping and pulling, a slip ring armature 
with external resistance is used. 

A pole changing switch permits two preferred running speeds, one 
double the other. The armature resistances are used both for starting 
and for obtaining additional running speeds ranging from each synchronous 



Fio. 2,816. — Fairbanks-Morae type OW ball bearing, three phase, pole changing, dip ring 
inductkoi, oil well motor arranged to give two synchronous speeds by xxieans of a pole chang- 
ing switch and speeds below these by inserting resistances in the armature circuit. 


speed to one half of this. Thus on one size of these motors a full range 
of ^leeds fitan 300 to 1,200 revolutions per minute can be obtained. 

The Heylftud Diagram. — ^By aid of this diagram it is pos- 
sible to calculate horse power output, kva input, amperes per 
terminal, per cent power factor for different loads, per cent 
inrush at starting under full voltage, per cent torque at start- 
ing, maximum or pull out torque, per cent slip of motor at 
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different loads and actual r.p.m. of motor at different loads. 
All of this data may be obtained from the diagram, after ob- 
taining from test under no load conditions, and with the arma- 
ture blocked, the volts, amperes and ktv input to the motor. 



Fig. 2,817. — ^Heyland diagram for calculating hcoae power output, input, axnperaa per ter- 

minal, per cent power factxw itx different k^ds. per cent inrush at startup unito full volt- 
age, per cent' torque at starting, maximum or ^1 out torque, per cent idip motor at 
different loads, and actual T.p.m. of motCMT at different loatki. 
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The following example indicates plainly just how the data is 
obtained. 

Example , — In a test of a 5 h.p. 220 volt, 3 phase, 60 cycle, 1,200 s.r.p.m, 
slip ring motor, 17 amperes per terminal, the no load and blocked armature 
tests gave the following results: 


NO LOAD 



Volts 

Amperes 

Kva 

Kw. 

Pi 

Volts 

Amperes 

Kva. 

Kw. 

P f 

Test 

230 

12 

4 770 

550 

11 5 

114 3 

35 5 

7.020 

3.980 

56 7 

Ratioed. 

220 

^15 

4 370 



220. 

68 3 

26.000 




BLOCKED ARMATURE 


With scale of 250 va to one division, 4.370 kva = 17.5 jdiv. 


Resistance between terminals X 3 
2 


= .97= total resistance of armature, 


hot. 


Short circuited full voltage blocked 1*R=68.3*X.97 =4,520 i>a = 18.1 
diviskms. 

Full load of 5 X 746 =3,730 ra = 14.9 divisions. 

With O, as center, and a radius of 100 divisions, strike arc AB, which 
is the power factor arc. Draw OC, through 11.5 power factor and lay 
off OF, equal to 17.5 divisions (no load condition) . 

Draw OD, through 56.7 power factor and lay off OE, equal to 104 
divisions. (Full voltage blocked armature condition.) 

Throu^ F and E, draw arc FKEG, with center at H. This is input 
aPQ of motor. Connect E and G, draw JG, perpendicular to EG. 

With OKiter at J, draw arc through F and G. This is output arc of 
motor. 

Lay off $T, equal to full load, which equals 14.9 divisions. Draw GT, 
to K. OK, equals ^a, input full load, from which full load am- 
iPtoto Is -tolculated to equal 17.8 amperes. (OK, equals 27.2 divisions, 
by scale of 2W, equals this, divided by 220 vtdts and 
1.73 for three phase, equals 17.8 amperes.) OK, extended to L, gives 
a power factor of 68% for full load. 

Draw EP. eqtaal to 18.1 divisions, as per second paragraph above, and 
PQ, perpendicular to intersection of EG. 
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With scale of 250 va^ to one division, 26 kva — \QA div. With center I, 
on HJ, draw arc FQG This is synchronous torque arc. 

Extend GE, to M, the latter being 100 divisions above line FG. Draw 
MN, perpendicular to IGXY, then in divisions is per cent slip; in this case 
9 V/c TTien r.p.m. is 90 8% of synchronous r pM, or 1,090 r.p.m. 

Per cent inrush equals 

OE , 104 

— orsubst,tutmg=— 


which is 383% of full load; with power factor read at D, as 56.7%. Maxi- 
mum, or pull out torque equals 

which = ~ or 300% of full load 


OW 39 5 

=r_^ — or 263%, which is per cent starting torque of full load when 
TS 15 

armature rings are short circuited, in the case of a slip ring motor FK, is 
TS 

secondary amperes = per cent efficiency. 


torque in pounds at 1 foot radius. 

‘It X synchronous r.p.m 


Control Methods 

Controllers used for slip ring induction motors are temed 
according to their construction, as: 

1. Face-plate starters, starting duty only; 

2. Face-plate starters, speed regulation; 

3. Multi-switch starters; 

4. Drum controllers, etc. 

According to their method of operation, the controllers are 
termed as: 

1. Manually operated; 
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2. Semi-magnetic; 

3. Full-magnetic. 

Face Plate Starters. — Slip ring motor rheostats for starting 
duty only are usually of the dial resistance type. Fig. 2,817-1 
shows the rheostat connection to the rotor circuit. This type 
of rheostat is usually furnished for slip ring motors in sizes of 
from 34 up to about 25 h.p. Rheostats for starting duty only 
are provided with a return spring and latch in the full speed 
position so that the arm cannot be left on intermediate positions. 

LINES 
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Fig. 2,817-2 shows the external view of a typical face plate 
rheostat. 



Fia. 2J^n-2, — Exterior view of typical face plate starter for slip ring induction motor. 
CourUsy Gtneral Electric Co. 


Face Plate Starters, Speed Regulation. — Rheostats for speed 
regtilating duty are designed for continuous operation on any 
step, and the return spring and latch associated with face plate 
starters for starting duty only are omitted. 

A typical wiring diagram of a combined face plate starter and 
speed regulator for use in the rotor circuit of slip ring induction 
motors is shown in fig. 2,817-3 and the rheostat in fig. 2,817-4. 

Starters of this type usually provide for a 50% speed reduction when the 
motor operates under full load at normal speed. They are built in sizes 
up to 40 h,p. and for rotor currents up to 100 amp. Since the rheostats 
are not connected with the i^mary drcuit of the motor, a magnetic switch , 
an oil circuit breaker, or simito device must be installed to control the 
primary circuit. The rotor cirimit resistors are star connected and by its 
mechanical design features, will cut out an equal amount of resistance step 
by step in all three phases. 




Fig. 2,817-4. — ^Exterior view of starter and speed regulating rheostat for slip ring induction 
motor. Courtesy General Electric Co. 
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Multi-Switch Starters. — ^These are used in the secondary cir- 
cuit of large slip ring induction motors up to 2,000 h.p. and 
with rotor currents up to 1,000 amp. A typical wiring dia- 
gram giving the circuit arrangement is shown in fig. 2,817-5. 
The type of control to be used in the primary (stator) circuit 
depends upon the voltage of the supply source. The resistor 
units in the secondary (rotor) circuit are balanced on all ste'ps 
of the controller. 



RESISTORS 

Fia 2,817-5 — Winng diagram showing connections of typical multi-switch starter for slip 
nng induction motor 
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above 80 /i p., connect R\ to Rn at the resistor and finger marked Ri on 
controller to terminal Rs on resistors Resistor steps Rs to Re, Ru to Ru 
and R 26 to R 2 « are for resistance which remains permanently in the circuit. 
When these are not furnished connect Mi, M 2 and Ms to Rs, Ru and R 25 
as indicated by the dotted lines. 

When motor reversing feature is included in the control arrangement, 
reversing contacts are included in the drum These interchange two phases 
of the primary leads in the manner commonly employed to obtain reversal 
in speed of all ax. three-phase motors. 

A typical wiring diagram of a non-reversing drum controller for slip 
ring motors is shown in fig. 2,817-7. This circuit provides for both primary 
and secondary control with no-voltage and overload protection. 


TO A.C. 

SOURCE 



Fig 2317-7 — Winng diagram of typical non-reversing drum controller for wound rotor 
induction motor with three-phase secondary. 

« 

Motor Driven Drum Controllers. — ^These are employed on 
certain drives particularly on large motors, where close auto- 
matic gjeed regulation is required. Such drives include large 
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air conditioning plants, blowers, stokers, certain machine tool 
services, etc. 

These controllers differ mainly from the previously described 
drum switches in that they are provided with a small pilot 
motor, which is connected 4irectly to the drum shaft through a 
suitable gearing. The drum mechanism also provides a po- 
sitioning switch connected to the pilot motor which auto- 
matically insures against half-way positions, or only partly 
engaged drum contacts, during operation of the main motor. 
It may also have self-contained limit switches to stop the motor 
at each end of the drum travel. 

These drums are built with either 13 or 20 balances speed regulating 
points and the copper contacts are opened and closed by cams on the operat- 
ing shaft. Each contact arm has two contacts, both of which are con- 
nected to the middle leg of the resistor. They make contact simultaneously 
with stationary contacts, one connected to each of the outside leg of the 
resistor. In this manner the closing of any cam-operated switch short- 
circuits the resistor at that pioint. 

Magnetic Starters.— Magnetic starters for slip ring motors 
consists principally of a magnetic contactor for connecting the 
stator circuit to the line and one or more accelerating contactors 
to commutate the resistance in the rotor circuit. 

The number of secondary accelerating contactors varies with 
the rating, a sufficient number being employed to assure smooth 
acceleration and to keep the inrush current within practical 
limits. The operation of the accelerating contactors is usually 
controlled by a timing device which provides definite time 
acceleration. For high tension service the pnmary contactor is 
usually of the oil immersed type. 

Magnetic starters with speed regulating duty are similar to 
plain magnetic starters, except that the secondary circuit is 
controlled by a series of magnetic contactors which are operated 
from a dial switch in the control station or by a face plate type 
rheostat mounted in the controller itself. 
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Where the magnetic type construction is used, they also act as accelerat- 
ing contactors on starting. If a rheostat is used, the motor is accelerated 
up to the speed for which the rheostat is set by means of accelerating 
contactors on the panel. 

Figs. 2,817-6 to 2,817-9 illustrate methods of connection for typical 
magnetic starters used with wound rotor induction motors. 


TO SOURCE 



Fia. 2,817-8. — ^Winng diagram of secondary ^)eed regulating rheostat and primary magnetic 
switch for slip nng induction motor. 


Resistors.— All standard wound rotor phase circuits, whether 
for two- or three-phase circuits, have their secondaries wound 
for three-phase. The resistors for each phase, used with these 
motors, are identical with the exception of the terminal 
marking. 

The resistor for the first phase has its terminals marked con- 
secutively Ri, Rs, Rs, etc. The ^cond phase Ru, Ru, Rig, 
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etc., the third phase R21, R22, R23, etc. The actual resistor 
will consist of 1, 2, 3 or multiples of these frames of tubes or 
grids. 


LINES 



Fia 2,817-9 — Wiring diagram illustrating connection of an automatic magnetK starter for a 
non-reveraing slip nng motor 


Secondary resistors for wound rotor induction motors are as 
a rule designed for star connection. Resistors for most manual 
controllers may be connected with all three secondary phases 
closed or with one secondary phase open on the first point of 
the controller. 

Resistors for magnetic controllers are connected with all 
three phases closed in the secondary on the first point. 
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The torque obtained with a resistor of a given class number 
varies with the connection used on the first point of the 
controller. 

The NEMA resistor classification for wound rotor induction 
motors are given m table 1. For example, Class 114 is for 
starting duty only and on basis that motor should be started 
and brought up to speed in approximately five seconds with a 
minimum of 75 seconds between successive starts. 

TABLE 1 
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93 

100 

100 1 

100 

100 

55 
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144 
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94 
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85 
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95 

200 

250 

230 

200 


200 

116 

136 

146 
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96 


The capacity of resistors depends largely upon the ventilating 
space. As a rule the resistor frames should never be stacked 
more than four in height, and when space is available, each 
frame should be separated from the next by approximately the 
width of the end frame. Frames may be mounted on the 
floor, platform or on the wall, but in such a way so as to obtain 
free ventilation. 

In this connection it may also be pointed out the necessity 
for close periodic inspection of resistors and associated con- 
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nections. This inspection should include the tightening of 
loose lock nuts, connections, etc. The collection of dirt and 
dust should be blown out from between the resistor units. 
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Fi(r 2,817-10 — Typical representation of secondary resistor units and their connections 


TEST QUESTIONS 


1 . What are the three general types of commercial poly- 

phase induction motors in use today 

2 . What other names are given to the external resistance 

motor ? 

3. Give definition of a slip ring motor 

4. How is the armature winding of a slip ring motor 

connected ? 

5 . What type of motor is in most general use ? 
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6. Why is the squirrel cage motor generally used ^ 

7. What type motor was introduced to overcome the 

shortcomings of the squirrel cage motor ’ 

8 For what service is the internal resistance motor un- 
suited? 

9. For what particular service is a slip ring motor es- 
pecially adapted ’ 

10. Compare fully the three types of induction motors. 

11. Describe the construction of slip ring motors. 

12 What kind of starting devices are used for slip ring 
motors 7 

13. Describe the switch and push button type starter. 

14. Describe the drum type starter. 

15. What IS the construction of speed regulating devices 

for slip ring motors? 
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CHAPTER 59 

Fractional Horsepower 
Motors 

(Split Phase Motors) 

The general utility of single phase induction nx>tors, 
particularly the smaller sizes, is constantly being enlarged 
by the growing practice of central stations generating poly- 
phase current, of supplying their lighting service through 
single phase distribution, and permitting the use of single 
phase motors of moderate capacity on the lighting circuit. 

The simplicity of single phase systems in comparison with 
polyphase systems, makes them more desirable for smaU alter- 
nating current plants. 

Small single phase motors are manufactured in great num- 
bers, a large percentage of these motors being used to operate 
household appliances, such as Washing machines, ironers, 
pumps, water systems, refrigerators, oil burners, utility motors, 
etc. Two fairly new developments which use a large number 
of motors are domestic electric refrigerators and domestic oil 
burners. 

The single phase induction motor has no inherent starting 
tt>rque. 

A polyphase motor connected to a source of polyphase power has a so- 

called rotating magnetic held, and starting torque is produced due to ihe 

tendency of the armature to follow the magnetic field. 

The starting torque of the polyiAase motor ipay be increased to a 
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certain amount by inserting resistance in its armature circmt , but no amount 
of resistance inserted in the armature circuit of a smgle phase induction 
motor can give it any starting torque. 


The siagie phase motor, with its armature at standstill, has 
only a reciprocating field and there is no tendency for the ar- 
mature to turn. 


For a motor to produce torque, the axis of the magnetic field, due to 
the armature current, must not be in space phase with the Eixis of the air 



Figs. 2,818 and 2,819. — Diagrams lUustratmg a smgle phase or reciprocating field. A motor 
18 not »elf startmg with a reciprocating field because the magnetization alternates m re- 
versed directions 


gap flux. In the single phase motor the axis of the armature field, with 
the armature at standstill, is in space phase with the air gap flux and the 
torque is, therefore, zero. The motor must be started by some auxiliary 
means. 


Various internal means of starting single phase induction 
motors and bringing this type up to speed have been devised, 
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all of which are based on “splitting the phase." This consists 
in producing temporarily a substitute for a two phase current so 
as to obtain a make shift or bastard rotating field in starting by 
“doctoring” the single phase. 

When the motor has come to speed, the makeshift second 
phase is cut out and the motor then runs on the single phase 
or true phase delivered by the external circuit. 



Since the torque for starting motors of this type is obtained by splitting 
the phase, they are generally known as split phase motors. 

Phase Splitting. — There are several methods of splitting the 


NOTE. K single phase motor may also be started 1, manually ^ as by giving it a very rapid 
twist by hand, or 2, tnechantcaily, as by aid of an auxiliary motor or other external starter. 
Accordingly: 1, starting by hand is not practical and 2, starting mechanically invcdyes un- 
necessary complications, expense and space 
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phase to stai^t single phase motors, as by providing in addition 
to the main single phase or running winding 


1. A starting winding, or 

2. Shading coils. 

Practically all small single phase induction motors are started 
by means of a split phase starting winding. 


The starting winding is placed in slots at 90 electncal degrees from the 
main. winding. Split phase means that the mam winding and the starting 
winding are so proportioned that their respective currents are out of phase, 
the object being to produce a so called rotating field similar to that in a 
pol5T>hase motor, as shown in figs. 2.824 to 2,843. 


RESISTANCE OR 
CONDENSER 



MOTOR FIELD WINDINOS 
^ AUXILIARY COILS 


MAIN COILS 


alternator 


Fig. 2,844. — Simplified diagram showing the principle of phase splitting for starting single 
phase induction motors. By the use of an auxiliary set of coils connected m parallel with 
the mam coils and havmg in senes a resistance or condenser as shown, the single phase 
current delivered by the alternator is “split” into two phases, which are employed to pro 
duce a rotatmg field on which the motor is started 


In order to keep the copper loss m the main winding low, 
the largest possible wire should be used in this winding. The 
re maining slot space available for the starting winding is, 
therefore, limited. 

The starting winding usually consists of a relatively small 
number of turns of fine wire. This gives a high resistance and 
low reactance and the current is nearly in phase with the ap- 
plied voltage. 
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In t±[e ordinary split phase motor, the current in the starting winding 
IS usually 25® to 30® ahead of the current in the main winding. This time 
phase difference in the currents, combined with the 90® difference in 
space phase, gives a so called elliptical magnetic field which would be a 
rotating rmgnetic field if the fields set up by the two windings were 90® 
apart in time and of the same strength. 



Fig. 2,845. — Elementary split phase induction motor with cut out switch for application 
requiring only low starting torque the phase splitting (starting) winding being propor- 
tioned to stand the line voltage continuously. Phase difference is here obtained by the 
use of a condenser The application of this type is limited. Where the phase coils are to 
remain in circuit dunng the running penod as above, they should be placed physically in 
phase relation with the current traversing them, because: All motwa, in operation, gen- 
erate a reverse pressure. This reverse pressure will be m phase with the actual ii^ysical 
phase position of the coils on the motor, that is, if the phase coils be placed say at 90® from 
the running coils, the reverse pressure will be at 90®. Now, if the phase coils be placed at 
90® (as in fig 2,848) and they be fed with a current that is displ^d say 60®, there will 
be a phase displacement of the remaining 30® between the coils and the actuating vditage 
In other words the reverse voltage and the line voltage will be 30® out of phase with each 
other, resulting in a heavy so called idle current flowmg which according to P. E. Chap- 
man, Will promptly heat up the phase coils, throw a load on the rotor and slow it down 
just as a load on its pulley would, and making trouble in general. Hence, the phase coils 
should be placed to correspond with the phase of the current then traversmg them. 




1,926 


Split Phase Motors 


STARTING POSITION 



Fiqb. 2,846 and 2347.— Elementary split phase iaductkm motor with cut out swUch. Fig. 
2,846, cut out switch dosed at start; starting wmding in circuit, fig. 2,847, motor 8pee<^ 
up to pomt where centrifugal force actmg on govemcM’ weights has overcome the tension 
of spring and opened switch cuttmg out starting winding 
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If only low starting torque and pull up torque be required, the starting 
winding can be so design^ that it will stand line voltage continuously, 
and both mam and starting windings may be connected to the line during 
the period of operation of the motor, as shown in fig. 2,845. 

To obtain sufficient starting torque and pull up torque requires high 
current density m the starting winding, and sc«ne means must be provided 
for opening the starting winding circuit when the motor has reached a 
speed at which the torque, due to the mam field, is sufficient to bring the 
load up to speed. 



Fig. 2,848. — Elementary split phase induction motor with choke coil method of increaskig 
the phase difference between the current in the starting and running windings. Here a 
hand operated switch for cuttmg out the starting winding is shown in place of an automatic 
cut out switch. Note: In motors having phase coils in circuit only during the starting 
penod, they are placed at 90® with the running coils of main winding because with this dis- 
placement a better startmg torque is secured, and since the tdiase coils are cut out at about 
% speed, the reverse pressure (increasing from zero during accejeration) does not result in 
sufficient ‘‘idle current" as to cause undue heating. In praette^ the starting switch is auto- 
matically operated as elsewhere explained. 


NOTE . — Formimpiicity concentrated crnle are shown m the diagrams, however, in pmetiet 
distributed coils are used. 




1,928 


Split Phase Motors 


Since the motor must reach a certain speed before its main winding de- 
velops sufficient torque, the logical way to open the starting winding is 
by means of a centrifugally operated cutout switch as shown in figs. 
2,846 and 2,847. 

The starting torque of a split phase motor is usually from one and one- 
half to two times full load torque, while the starting current is considerably 
greater than the full load current. 

Another method of starting small split phase motors which 
gives low starting torque is by means of a shading coiL 

The usual construction of a shading coil motor is to surround part of 
each field pole with a strap of copper which is a closed loop as shown in 
fig. 2,852. This means that the flux which threads the shading coil lags 
in time phase behind the flux in the unshaded part of the pole and the 




F iG. 2,849. — Century split phase induction motor 
governor weights which operate cutout switch 


Fig. 2,850. — Century split phase induction motor 
cut out switch. It is adjusted for a predeter- 
mined speed. The governor fig. 2,849 which 
actuates the cut out is positive in action and 
opens the starting or phase coil circuit .with a 
rapid break of silver contacts 
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Fig 2,853. — ^Diagram showing action of shading coil in al- 
ternating current motor The extremities of these pole 
pieces are divided into two branches , in one of which a cop- 
per nng cidIM a shading cotl is placed as shown, while the 
other 18 left unshaded The action of the shading coil is 
as ft^ows: Con^der the fidd poles to be energized by 
sinde phase current and assume the current to be flowing 
m a direction to make a north pole at the top. Aaaume 
the poles to be just at the point of forming Lines of 
force will tend to pass through the shading coil and 
the remainder of the pole Any change of lines within 
the shading coil generates a voltage, which causes to flow 
through the coil a current of a value depending on the 
vdtage, and always in a direction to oppose the change 
of lines The field flux is, therefore, partly shifted to the 
free portion of the pole, while the accumulation of lines 
through the shadmg coil is retarded 
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magnetic field tends to move from the unshaded part of the pole toward 
the shaded part of the pole. 

The direction of rotation of a motor with a shading coil cannot he reversed 
by any change in the leads, and the motor has the disadvantage that the 
shading coil is active when the motor is running at full speed and causes 
additional loss. 

The starting torque is inherently low, but is sufficient for most fan 
motors since the starting torque of a fan motor, under ordinary condi- 
tions, need be only great enough to overcome static friction. 



Tigs. 2,856 and 2,857. — Domestic split phase induction motor split phase cut out switch. 
Fig. 2,856, stationary part; fig. 2,857, rotating part. It is of the quick acting type. The 
stationary part, mounted on one end brsudcst, is made of a split brass ring assembled on an 
insulating ring with clips and screws few attaching the leads from the starting winding. 
The rotating part consists of three contact fingers operated by three auxiliary weights, the 
entire part interlocking so that the contacts are thrown from the stationary ring simul- 
taneously. 



Fxo. 2,858. — Domestic split phase induction xxKitor armature coniplete. 
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start with a heavier load? 

Ans. An automatic clutch is provided which allows the armature to turn free on 
the shaft until it accelerates almost to running speed. 

This type motor is known as the clutch type of single phase induction motor. In operation when 
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Ques. Ricplain in detail the action of the clutch type of motor in starting. 

Ans. It can start a load which requires much more than full load torque at starting, 
because the motor being nearly up to full speed, has available not only its maximum 
overload capacity, but also the momentmn of the armattue to overcome 





Flos . 2.879 to 2381 .—^tefnentaiy ^)lit phase induction motor with' cut out $witch and clutch, 
tbowmg working of these automatic devices; the windings are not shown. Fig. 2,879 at 
start; 2,860, about H speed; fig, 2381» fdS speed. 
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the inertia of the driven apparatus. In this it is assisted by a 
certain amount of slippage in the clutch, which is the case when 
the armature speed is pulled down to such a point as to reduce 



Fiq. 2,882. — Domestic split phase induction motor speed torque curve. Opemtioti snd char> 
acteiistics. The speed of an induction motor depends upon the number of pdes of the 
motor and the frequency of the current uppn which it is operated. This is why only cer- 
tain definite speeds are obtainaUe. The speed changes very slightly frcun no load to full 
load, and even at a heavy overload the speed reduction is comparatively dight. Since the 
speed changes cmly slightly from no load to full load the induction type is commonly known 
as a ocmstant speed motor. It is impossible to build a variable speed split i^ase type motor, 
without complicating the construction. 


Reversing Split Phase Motors. — A single phase motor will 
operate equally well in either direction, and the direction in 
which it will start depends upon the direction in which the 
vesultant magnetic field tends to rotate. 

If the armature be free to move, it will always rotate in the ssme direc- 
tion as the magnetic field. 
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If the motor be connected for one direction of rotation, it may be made 
to start in the opposite direction by reversing either winding with respect 
to the other winding. 

Some Characteristics of Split Phase Motors. — With its ar- 
matiire at rest, a single phase induction motor is equivalent 



Fxq. 2,883. — Speed torque curve of split phase induction motor. The pull up torque is the 
greatest load torque die motor will pull through and go on up to speed, that is, it is the 
lowest torque point on the motor curve below pull out. In the above curve it coincides 
with the starting torque; if the motor had a higher starting torque, as shown dotted, the 
pull up torque would be at A; or if the centrifugal switch opened below its best operating 
speed, as shown by the hcMiaontal dotted line, the pull up tcx'que would occtir at B. 

to a transformer with large air gap with its secondary short 
circuited. This acccimts for the high starting current of this 
type of motor. 

As soon as the secondary begins to turn, a rotational voltage is produced 
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m tte secon^y. The axis of this voltage is at 90° to the axis of the main 
new flux. The maximum rotational voltage coincides in time with the 
^ximurn of the min field flux. The reactance for the axis ofithe rota- 
tional voltage IS high and the current, therefore, lags nearly 90“ behmd 
the voltage. The quadrature field produced by this current is in srace 
quadratme and very nearly in time quadrature with the main field. At 
s^eds close to synchronism, the two fields are very nearly of the same 
strength and approximately a uniform so called rotating field results 


The speed torque characteristics of the main 
windings combined is shewn in fig. 2,883. 


and starting 


As will be seen from the curve, the torque increases with the speed until 



mximum torque point is reached, thus giving rapid acceleration, and 
tnsunng that the motor will bring up to speed any load it will start. 

In a polyphase induction motor, changing the armature resistance does 
not change the value of maximum torque but simply changes the speed 
at which the maximum torque point occurs, 

^ Adding resistance to the armature of a single phase indue-' 
tipn motor not only increases its slip, but also deem^es ite 
maxirnum torque. 
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For small changes in voltage the speed is practically inde- 
pendent of the voltage. 

This means that in cases of low voltage the motor will continue to carry 



Fia. 2,885 . — ^Wagner split phase inductioa motor switch mechanism; side view. 

Fio. 2,886. — ^Wagner sj^it phase induction moXxx switch mechanism with plate in exaggerated 
position to show construction. 


NOTE . — Parts of Wagner split phase induction motor corresponding to the reference 
letters in the accompanying illustrations. The parts are: A. governor weights; B, governor 
weight mounting pins; C, coil springs; D, pivot pins; E, disc collar; F, contact ring; G, bake- 
lite disc; H, contact fingers; I, contact stops; J, contact finger mcmnting; K, terminal mount- 
ing; L, terminal studs; M, terminal opening; N, terminal cover plate; O, terminal bushing; 
P, dynamically balanced armature; Q, balancing flange; R, fan; S, shaft; T, core; U, frame; 
v’ end plates; W, wool yam lubrication; X, base. 

NOTE. — Construction and operation of Wagner split phase induction motor, in accom- 
panying illustrations. Two stationary contact fingers H, a Totaling ring F, and two simple 
governor weights A, make up the split phase cut out switch. At normal or starting position, 
the contact ring F, is in contact with the two fingers H. This completes the starting circuit. 
As the motor gains speed, centrifugal force causes the governor weights A, to swing toward 
the armature, overcoming the tension strength of the coil spring C. The movement of th#; 
governor weights is trandated to the ring through pivot pins D. 
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its load at approximately full speed, but with increased current and consequently with incr^sed heating*. 

At rated voltage, the motor will usually deliver about two and one-half times its rated output for a 
ahmrt time. Under this condition of overload the leases are excessive and the temperature rise will be 
sufficiait in a short time to damage the winding. 
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The normal rating of a single phase motor is usually about 
one-half that cf a polyphase motor of the same dimensions 

For the same output as a polyphase motor, the smgle phase motor re- 
quires more iron and therefore, has more iron loss. In addition the field 
winding of a smgle phase induction motor cames the magnetizing current 
for both the mam and quadrature fields and this current is about twice 
as large as the magnetizing current in one phase of a two phase motor. 


The power factor of a single phase motor is less than the 
power factor of a polyphase motor of the same speed and rat- 
ing, due to the fact that the single phase motor has more iron 
to be magnetized, and to the fact that the ratio of the mag- 
netizing current to the power current in the field of a single 
phase motor is greater than the ratio cf the same currents in 
a polyphase motor. 

The efficiency of a single phase motor is lower than that of 
a polyphase motor of the same rating, since the losses of a 
single phase motor are inherently greater than those of a poly- 
phase motor. 

Since most of the motors which drive household appliances are operated 
from lighting circuits, the high starting current is objectionable, because 
any lights being operated from the same circuit will flicker each time a 
motor is started. This has caused several of the larger power companies 
to make rules to the effect that single phase motors which require more 
than 15 amperes starting current may not be operated from their lighting 
circuits when the motors drive devices which must be frequently started. 

Probably the largest application of the small split phase induction motor 
IS on washing machines, which are not classed as frequently starting de- 
vices. A one fourth h,p. motor is usually used on washing machines. 
Other applications are wringers, ironing machines, oil burners, player 
pianos, ventilating fans, refrigerators, coffee grinders, meat choppers, 
grinders, compressors and general utility motors. 
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TEST QUESTIONS 

1 . For what services are single phase induction motors 

usedt 

2. What other name is given to single phase induction 

motors? 

3. Has a split phase motor any starting torque? 

4 What IS the usual method of starting a split phase 
motor? 

5. Define the term '' splitting the phase " 

6. Describe the method generally used for ''splitting the 

phase." 

7. What is a shading coiD 

8. What is the objection to the use of shading coili'’ 

9. What two methods are generally used to increase the 

phase difference in splitting the phase? 

10. Describe the induction method and the capacity 

method of splitting the phase 

1 1 . How is the starting winding cut out of circuit when 

the motor comes to speed? 

12. Describe a centrifugal cut out switch. 

13. What is a centrifugal clutch used for'> 

14. How are split phase motors reversed? 

15. Give some characteristics of split phase motors. 

16. How does the torque vary with increase of speed? 

17. What is the effect of adding resistance to the arma- 

ture of a split phase motor? 
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18. How does the normal rating of a split phase motor 

compare with that of a polyphase motor? 

19. How does a power factor of a single phase motor 

compare with that of a polyphase motor? 

20. Why is high starting current objectionable specially 

in split phase motors? 
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CHAPTER 60 

Commutator Motors 

1. Series and Shunt Motors 

By definition a commutator motor is a motor driven by alter- 
nating currents, carrying a commutator upon its armature. There 
are numerous types of commutator motors and they may be 
:lassed as 

1. Series 

<2. Single phase 
b. Universal 

2. Neutralized series 

a, Conductively 

b. Inductively 

3. Shunt 

a, ^mple 

b. Compensated. 

4. Repulsion 

(sometimes called inductive series) 

a. Straight 

b. Compensated 

5. Repulsion stait-induction 

a. Brush lifting 

b. Short circuiting 

6. Repulsion-induction 

7. . Induction-synchronous 
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Of these numerous types some are of importance commercially 
and some only of interest theoretically. 

In general, commutator motors are similar in construction to 
direct current motors in the t they have a closed coil winding 
which is connected to a commutator. 

Since» as stated, commutator motors are similar to direct current mo- 
tors, the question may be asked: Is it possible to run a direct current motor 
with alternating current? If the mams leading to a direct current motor 
be reversed, the direction of rotation remains the same, because the cur- 
rents through both the field magnets and armature are reversed. It must 
follow then that an alternating current applied to a direct current motor 
would cause rotation of the armature 

In order to understand the working of commutator motors, 
first, there should be considered the inductive effects due to op- 
eration in an zdtemating current field as outlined in the explana- 
tion following: 

Acti<Hi of Closed Coil Rotating in Alternating Field .—When 
a closed coil rotates in an alternating field, there are several 
different pressures set up and in order to carefully distinguish 
between them, they may be called: 

1. The transformer pressure; 

2. The generated pressure; 

3. The self-induction pressure. 

These pressures may be defined as follows: 

The transformer pressure is that pressure induced in the ar- 
mature by the alternating flux from the fleld magnets. 

For instance, assuming in fig. 2,896 the armature to be at rest, as the 
alternating current which energizes the magnets ‘rises and falls in value, 
the variations of flux which threads through the coils of the ring winding, 
induce pressure in them in just the same way that pressure is induced in 
the secondary of a transformer. 
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A ring winding is used for simplicity; the same conditions obtain in a 
drum winding. 

The generated pressure is that pressure induced in the ar- 
mature by the cutting of the flux when the armature rotates. 



A 


D 


2,896. — Diagram of ring armature in alternating field illustrating the principles erf com- 
mutator motors. 


The self-induction pressure is that pressure induced in both 
'he field and armature by self-induction. 

Nature of the Generated Pressure , — In fig. 2,896, the generated 
pressure induced by the rotation of the armature is minimum at the neutral 
plane C D, and maximum at A B. It tends to cause current to flow up 
each half of the armature from D, to C, produdng poles at these |wints. 
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Nature of the Transformer Pressure , — This is caused by vanations 
of the flux passing through each coil of the armature winding. Evidently 
this variation is least at the plane A B, because at this point the coils are 
inclined very acutely to the flux, and greatest at the plane C D, where the 
coils are perpendicular to the flux. Accordingly, the transformer pressure 
induced in the armature winding is least at A B and greatest at C D. 

The transformer pressure acts in the same direction as the generated 
pressure as indicated by the long arrows and gives rise to what may be called 
local armature currents. 

Nature of the Self-Induction Pressure , — The self-induction pres- 
sure, being opposite in direction to the impressed pressure, it must be 






H 








Fig. 2397. — Detail of winding and commutator illustrating local armature circuits. The 
senous difficulty encountered in attempting to operate a c. senes motor with ax. is the 
excessive sparking at the brushes. Whenever a brush touches two commutator bars, an 
armature coil or section is short circuited; at the moment of this short circuit the armature 
coil surrounds a field pole as shown by the heavy line, so that the armature coil is related 
to the field wmdmg as the short circuited secondary coil of a transformer of which the pri- 
mary coil is the field winding. Therefore an excessive short circuit current is produced 
through the armature coil and through the tip of the brush. The result is an increased 
heating of the armature coils, commutator, and brushes, and an excessive sparking at the 
brush tips as the commutator bars pass from under the brushes. 

evident that in the operation of an alternating current commutator motor, 
the impressed pressure must overcome not only the generated pressure 
but also the self-induction pressure. Hence, as compared to an equivalent 
direct current motor, the applied voltage must be greater than in the 
direct current machine, to produce an equal current. 


The Local Armature Carreuts. — These currents produced by 
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the transformer pressure occur in these coils undergoing com- 
mutation. They are large, because the maximum transformer 
action occurs in them, that is, in the coils short circuited by the 
brushes. 

Ques. Why do the local armature currents cause sparking? 

Ans. Because of the sudden interruption of the large volume 
of current, and also because the flux set up by the local currents 
being in opposition to the field flux, tends to weaken the field 
just when and where its greatest strength is required for com- 
mutation. 

Ques. What is the strength of the local currents? 

Ans. They may be from 5 to 15 times the strength of the 
normal armature current. 

Ques. Upon what do the local armature currents depend? 

Ans. Upon the number of turns of the short circuited coils, 
their resistance, and the frequency. 

Ques. How can the local currents be reduced to avoid 
heavy sparking? 

Ans. 1, By reducing the number of turns of the short cir- 
cuited coils, that is, providing a greater number of commu- 
tator bars; 2, reducing the frequency; and 3, increasing the 
resistance of the short circuited coil circuit: a, by means of high 
resistance connectors; or b, by using brushes of higher resist- 
ance. 

Ques. What are high resistance connecters? 

Ans. The connectors between the armature winding and the 
commutator bars, as shown in fig. 2,898- 
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Ques. Does the added resistance of preventive leads, or 
high resistance brushes, materially reduce the efficiency of 
the machine? 

Ans. Not to any great extent, because it is very small in 
comparison with the resistance of the whole armature winding. 

Ques. What is the objection to reducing the number of 



Fig. 2,898. — Section of ring armature of commutator motor showing local current set up by 
transformer action of the alternating flux, and high resistance connectors to prevent spark- 
ing at the brushes. 


turns of the short circuited coils to diminish the tendency to 
sparking? 

Ans. The cost of the additional number of commutator bars 
and ccmnectors as well as the added mechanism. 

Ques. What effect has the inductance of the fidd and ar- 
mature on the power factor? 

Ans. It produces phase difference between the current and 
impressed pressure resulting in a low power factor. 




Mam 
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Ques. What is the effect of this low power factor? 

Ans. The regulation and efficiency of the system is impaired. 

The frequency, the field flux and the number of turns in the winding 
have influence on the power factor. 

Ques. How does the frequency affect the power factor? 

Ans. Lowering the frequency tends to improve the power 
factor. 



Fig. 2,899. — Oiagram of bingle jjhaae series commutator motor. It is practically the 
as the senes direct current motor, with the exception that all the metal of the magnetic 
circuit must be laminated 


The use of very low frequencies has the disadvantage of departing 
from standard frequencies, and the probability that the greater cost of 
transformers and alternators would offset the gain. 

Series. Motors. — This class of commutator motor is about 
the simplest of the several types belonging to this division. In 
general design, the series motor is identical with the series direct 
current motor, but all the iron of the magnetic curcuit must be 
laminated and a neutralizing winding is often employed. , 

It will be readily understood that the torque is produced in the same 
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torque will be proportional simply to the squar 2 of the current, there being 
no question of power factor entering into the consideration. 

Ques. What are the characteristics of the series motor? 

Ans. They are similar to those of the direct current series 
motor, the torque being a maxhmun at starting and decreasing 
as the speed increases. 

Ques. For what service is the series motor especially 
suited? 

Ans. On account of its powerful starting torque it is particu- 
larly desirable for traction service. 

Neutralized or Compensated Series Motor. — ^A chief defect 
of the series motor is the excessive self-induction of the armature, 
hence in almost every modem single phase series motor a 
neutralizing coil is employed to diminish the armature self- 
induction. 

The neutralizing coil is wound upon the frame 90 magnetic degrees or 
half a pole pitch from the field winding and arranged to carry a current 
equal in magnetic pressure and opposite in phase to the current m the 
armature. 

The current through the neutralizing winding may be ob- 
tained, either 

1. Conductively; or 

2. Inductively. 

In the conductive method, fig. 2,908, the winding is connected in senes 
as shown and is a better arrangement than the inductive method. 

In the inductive method, fig. 2,909, the winding is short circuited upon 
Itself and the current obtained inductively, the neutralizing windmg being 
virtually the secondary of a transformer, of which the armature is the 
primary. In this method the winding is liable to heat and burn out. 
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Universal Motors. — The term univeisal as applied to motors 
means a motor so designed that it will operate on either direct or 
alternating current. 

Since the alternating current series motor has the same general 
characteristics as the direct current series motor, it is possible 



Fig 2,908. — Diagram of neutialized senes motor, conductive method. In the -jm plp senes 
motor, there will be a distortion of the flux as in the direct current motor. As the distort- 
ing magnetic pressure is in phase with that of the magnets, the distortion of the flux wiH 
be a fixed effect If the poles be definite as m direct current machines, this distortion may 
not senously affect the running of the motor, but with a magnetizing system like that uni- 
versally adopted in induction motors the flux will be shifted as a whole in the direction 
of the distortion, which will produce the same effect as if in the former case the brushes 
had been shifted forward, whereas for good commutation they should have been shifted 
backward As m direct current machmes, this distortion is undesirable smce it is not con- 
ducive to sparkless working, and also reduces to a more or less extent the torque exerted 
by the motor. The simplest remedy is to provide neutralizing coils displaced 90 magnetic 
degrees to the mam field coils as shown. The neutralizing current is obtained by the method 
of connecting the neutralizing coils m senes in the mam circuit 


by a careful compromise of design features to build series motors 
that can operate on either direct current or alternating current 
circuits of substantially the same voltage. 

Motors of this type are used to a small extent for household appliances, 
such as desk fans, portable vacuum cleaners, hair driers, etc. As a rule, 
the universal motor has a lower efficiency and is more troublesome in op- 
eration than either the direct current series motor or the alternating 
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current series motor. Universal motors are built almost mvanably m 
small sizes only. 

In modifying the design of a d.c. series motor so that it will 
operate satisfactorily on either d.c. or a.c. 

1. All the magnetic circuits must be laminated. 

To prevent excessive hysteresis and eddy current losses. 


1 



i 

Fig 2,909. — Diagram of neutralized series motor, inductive method. Although the con- 
ductive method of neutralization is employed in nearly all machmes, it is possilile merely 
to short circuit the neutralizing wmdmg upon itself, mstead of connecting it m series with 
the armature circuit In this case the flux due to the armature circuit cannot be elimmated 
altogether, as suflicient flux must always remain to produce enough pnressure to balance 
that due to the residual impedance of the neutrakzmg coil. It would be a mistake to infer, 
however, that this accoimt this method of neutralization is less effective than the con- 
ductive one, since the residual flux simply serves to transfer to the armature circuit a drop 
in pressure precisely equivalent to that due to the resistance and local self-induction of 
the neutralizmg coil in the conductive method 


2. Number of commutator bars must be increased. 

To reduce the number of tiuiis of the short circuited coils. 

3. Resistance of the short circuited coii circuit must be in- 
creased. 
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Reducing the Inductance. — The inductance of the field is re- 
duced by reducing the number of turns per pole. In order that 
this may be done, and still, without excessive current, produce 
the total flux needed to develop the required torque, the reluct- 
ance of the magnetic circuit is reduced to a minimum. , f 



Fig. 2,910. — Core stamping for two pole a.c, commutator motor. The field winding in single 
phase motors is usually a concentrated or massed winding; but instead of being [daced on 
jKiles which are separated by a considerable distance as in the direct current motor* it is 
placed in large slots in the laminae* the large slots F, holding the field winding, a^ the 
small slots C, the neutralizing or compensating winding. This latter winding fadistribu- 
tively wound like the stator coils of the induction motor. 

This is done by increasing the air gap section per pole by using the 
arrangement indicated in fig. 2,910. By reducing the air gap length to 
the minimum mechanically permissible; and by using laminated steel of 
good magnetic quality for the magnetic circuits. This last change also 
reduces the core loss and eddy current loss. 


To reduce the inductance of the armature winding, a sta- 
tionary neutralizing of compensating winding is placed m dots 
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in the pole faces (slots C, fig. 2,910) and so connected in series 
that the main current flows through it in the opposite direction 
to the current in the armature winding. 

By ufflng additional turns in this winding (over compensation) the same 
^€Ct is produced under nmning conditions, as is prciluced in the direct 
current motor by using inter-poles; that is, due to the rotation of the 
armature conductors through the flux produced by over compensation, 
a voltage is produced in the coils undergoing commutation which tends to 
reverse the load current in these coils and thus improve the commutation. 



Fig. 2,911. — ^Diagram of simple shunt commutator motor Owmg to its many inherer* 
defect it is of little importance 

As for the voltage induced in the commutated coils by the 
alternating main field flux, there is at starting no practical way 
to prevent this in the single phase series motor. 

This voltage is proportional to the frequency of the supply system, to 
the flux per pole, and to the number of turns between commutator bars 
under the brushes. It is therefore desirable to have 1, low frequency; 
2, many poles; 3, many commutator bars; and 4, thin brushes. 


Another feature which has been used to some extent is to 
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make the leads which connect the armature winding to the com- 
mutator bars of material of comparatively high resistance,. 

The short arcmt current during commutation must then flow through 
this resistance and is thereby limited to a reasonable amount and the 
sparking reduced 

Under running conditions, a reverse voltage opposed to the voltage 
induced in the commutated coils by the alternating main flux, may be 
generated by supplying a component of flux which lags 90° behind the 



Fig 2,912. — Compensated shunt induction single phase motor The transformer shown m 
the arrangement is capable of bemg replaced by a coil placed on the frame having the 
axis as the field winding, so that the flux fwoduced by the field wmdmg induce in the coil 
a pressure m phase with the supply pressure. Such a coil will now be at right an^ea to 
the circuit to which it is connect^. In a similar manner, a coil at right an|^ to the ar> 
mature circuit, that is, the circuit parallel to the stator axis, if connected in series with that 
circuit, will also serve to compensate the motor. 


main flux in time and also 90 electrical degrees in spaccv Such a com- 
ponent may be supplied by connecting a portion of the compensating 
winding to a voltage in phase with the supply voltage. A transformer 
is necessary in order to accomplish this, but in most cases one is used 
anyway. 

Shunt Motors. — ^The simple shunt motor has inherently many 
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properties which render it unsuitable for practical use, and 
accordingly is of little importance. Owing to the many turns of 
the field winding there is large inductance in the shimt field 
circmt. 

The inductance of the armature is small as compared with that of the 
field; accordingly, the two currents differ considerably in phase. 

The phase difference between the field and armature currents <ind the 
corresponding relation between the respective fluxes results in a weak 
torque. 



Fig. 2,913.— Fyim*» ahimt conductive single phase motor. In order to supply along the 
stator a constant field, suitable fix’ producing the cross flux to which the torque is due 
by its action <m the circuit perpendicular to the statcx* axis, the "armature circuit,'* as it 
may be called, has a neutralizmg coil m senes with it, so that the armature circuit and 
neutrali^ng oo^ together produce no flux. In addition to this, there is a magnetizing ccmI 
aloi^ the same axis, which is connected across the mams and so produces the same flux 
as the primary coil in a shunt inductiOQ machine. Fyxm has proposed a number of methods 
of varying the speed and co m pensating this machine. It is, hoWver, complicated in itself, 
and is only suited for very low voltages, so that on ordinary circuits it would need a sep- 
arate tnmsfhrmer. 


It is necessary to use laminated construction m the field circuit to avoid 
eddy aments, wWch otherwise would be excessive. Fig. 2,911 is a dia- 
gram erf a simile shunt commutator motor. 
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TEST QUESTIONS 


1 . What is understood by the term “commutator motors' ' '> 

2. Give a classification of commutator motors. 

3. Explain the action of a closed coil rotating in an alter- 

nating field. 



Fig. 2,914. — Fynn's compensated shvmt induction motor. This is a combination of the com- 
pensated shunt induction motor with the cwdinary squirrel cage form. In one form, in 
addition to the ordinary drum winding on the armature, there is another three i^iase 
winding into the “star," of which the drum windmg is connected. This second wmdmg 
is connected to three slip nngs which are short circuited when the machine is up to speed 
Upon the commutator are placed a pair of brushes connected to an auxiliary winding i^aced 
on the frame in such a position that the flux from the primary coil induces in it a pfessure 
of suitable phase to produce compensation . The same pair of brushes is also used for starting 


4. Distinguish between transformer, generated, and self- 
induction pressures. 

5 What is the nature of the three pressures? 

6. Where do local armature currents occur? 

7. How can the heal armature currents be reduced to 

avoid heavy sparking? 
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8. What are high resistance connectors’’ 

9. What effect has the inductance of the field and arma- 

ture on the power factor? 

10. How does the frequency affect the power factor? 

1 1 . Describe a series a c. motor. 

12. What are the characteristics of a series motor? 

13. What IS a neutralized or compensating motor? 

14. Explain the conductive and inductive methods of ob- 

taining current through the neutralizing winding. 

15. What is a '^universal " motor’’ 

16. How is a motor designed so that it will operate on 

either d.c. or a.c.? 

17. Explain how the inductance is reduced. 

18. Describe a simple shunt a.c. motor. 

19. Draw diagrams of 1, Fynns shunt conductive single 

phase motor, and 2, Fynns compensated shunt in- 
duction motor. 
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CHAPTER 61 

Commutator Motors 

2. Repulsion Types 

Repulsion Motors. — In the course of his observations on the 
effects of alternating currents, in 1886-7, Elihu Thomson ob- 
served that a copper ring placed in an alternating magnetic field 
tends either to move out of the field, that is, it is repelled by the 
field (hence the name repulsion motor) , or to retiun so as to set 
itself edgeways to the magnetic lines. 

There are several types of motors which operate entirely or 
partly on the repulsion principle and they may be classified as: 

1. Straight repulsion 

2. Compensated repulsion 

3. Repulsion start induction 

4. Repulsion induction. 

Basic Principles. — In order to imderstand the operation of 
repulsion motors the action of a copper ring placed in an 
alternating field should be noted as shown in the accompanying 
illustrated repulsion motor principles. The application of Lenz’ 
law is of importance here. It is given as principle 3, figs. 2,919 
and 2,920, and by its application the direction of the current 
induced in the ring is easily determined. 
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Urns, to determine the direction of the current induced in the ring in 
ftg. 2,921, f fee inductive e^ect of the increasing field is the same as though the 
ring were pwthed toward the magnet in a constant field (dx.) magnet as in 
hg. 2319, 

Further, since according to Lenz' law, the inductive effect in the ring is 


APPROACH / RECESSI ON / 

X Ifcii X 



Figs. 2,915 and 2,916 . — Repulsion motor ptincipleB t. The approach or fcc€5s%0n of a copptr 
ftng from a magKd pole ui%ll induce currents aUernaiing in dtieciion. 


approach . RECEfifiiON X 



FiGi. 2317 and 2,918 . — Mepuhian moior princ^ptee 2. The appreaek or rmsaioH of a topper 
ring from a magn^ polo is rospoctissly oqumdtni to on imrnuo, or dioertas* in the number of 
Hnos pfforoi nJnek pass through iho rtng. 
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such os to oppose the motion which produces tl, the direction of the induced, 
current will be such as to produce a like or opposing pole (to resist the 



Figs. 2,919 and 2,920 —Repulsion motor princlpiee S. LCNZ LAW: The approach or re- 
cession of a copper ring from <x magnet pole induces a current in the ring tn such dsrecHon as 
to set up a magnetic field which opposes the motion which produces it. 



Fig. —Rmpuleion motor princlplee 4, A copper ring is repelled from a magnet pole 

when the number of lines of force passing through the ring is increasing. See fig. 2^19. 


Fig. 2,922. — Qoeed loop moving acrom a magnetic field so as to increase the mmh er of lines 
passing through the loop with application of the tinfbt hand rule to verify dhectkia of current 
m the ring Cfig. 2,921). 
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movement of the ring), as shown in fig. 2,919 the application of the right 
hand rule being given in hg. 2 922. Similarly, ichen the field is decreasing, 
as in fig, 2,923, the inductive effect is the same as though the ring were 
pulM away Srom the magnet in a constant field (d.c.) magnet as in fig. 2,920. 
Here the movement is opposed by unlike or attracting poles. Hence, in 
figs. 2,920 and 2,923, the direction of the induced current is such as to 
produce a S pole. 

If the ring be pivoted, its motion is restricted to rotation. There are, 
however, positions in which there is no tendency to rotate the ring as: 

1 . When the plane of the ring is perpendicular to the axis of the magnet, 
and 



Fks. 2.923. — ReptiUion motor principles 5. A copper ring is attracted to a magnet pole 
when ike number of lines of force passing through the ring is decreasing. See fig. 2,920. 

Fig. 2,924.— Closed loop moving across a magnetic field so as to diminish the number of lines 
offeree posing through^ the loop with application of the right hand rule to verify the direetkm 
of current in the ring fig. 2,923. 


2. When the plane of the ring is parallel with the axis of the magnet. 
Figs. 2,925 to 2,928 illustrate the first case. ' 

This corresponds in analogy to the so-called “dead centers*’ of a steam 
engine as in figs. 2,929 to 2,932. This must be obvious because there is 
no leverage. 

Again, when the coil is placed in the second position in which 
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its plane is parallel with the axis of the magnet, no torque will 
be produced because no current is induced in the magnet, as 
shown in figs. 2,934 and 2,936; the same holds for increasing field. 


SYNCHRONOUS SPIED 



Figs. 2,941 to 2,944 — Repulsion motor principles 9. // a pivoted copper ring Pe tnougki up 
to synchronous speed man a c field, rotation is produced by repulsion and attraction tdUrnalely, 


If, the plane of the coil be oblique to the magnet, tcoque is 
obtained as diown in figs, 2,937 to 2,940. 

Now in fig. 2,937 before the torque there shown has time to 
overcome the inertia of the ring and cause it to rotate, the field 
flux, which was increasing, begins to decrease, and the torque is 
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reversed as in fig. 2,938, thus 
causing the ring merely to 
vibrate instead of rotate . How- 
ever, if the ring were brought 
up to synchronous speed, useful 
torque would be obtained, that 
is, the ring would rotate in syn- 
chronism with the alternation 
of the flux, figs. 2,941 to 2,944. 

For simplicity the fore- 
going explanations were 
made assuming the in- 
duced current to be in 
phase with the field flux. 

Now since the direction of 
voltage induced in the ring 
changes when the field flux 
changes from increase to de- 
crease as shown in figs. 2,921 and 
2,923 and from decrease to in- 
crease, it will be 90® later in 
phase than the field flux and if 
the ring have no inductance the 
induced current will also 90° 
later in phase than the field flux. 

With a non-inductive ring, 
the torque would be alternat- 
ing, resulting in no useful turn- 
ing effect, as shown in figs. 2 ,948 
to 2,953 (uifiess the ring were 
turning at synchronous gieed) . 
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has such impedance that the current induced in it lags somewhere between 90° and 
180°, say about 135° with respect to the field flux as shown in figs. 2,960 to 2,967. 

In figs. 2,9W to 2,959 for 180° lag, the torque is in the same direction during the entire cycle, but 
when the lag is less than 180° a.s in figs. 2,960 to 2,967, the threction of the torque is reversed during 
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Straight Repulsion Motor. — This motor consists of single 
phase a.c. field and an armature similar to that used on a.c. 
series motors. There is no electrical connection between the 
field and armature, the brushes of the latter being short cir- 
cuited. 

This motor is a special type of single phase induction motor, 
because the currents in the armature are set up by the inductive 
action of the field and are not supplied from an outside source. 



Fig. 2,968,— Early Thompaon repulsion motor with open coils. 


Elihu Thompson took an ordinary direct current armature, placed it 
in an alternating field, and having short circuited the brushes, placed 
them in an oblique position with respect to the direction of the field . The 
effect was to cause the armature to rotate with a considerable torque. 

The inductors of the armature acted just as an obliquely placed ring, 
but with this difference, that the obliquity was continuously preserved 
by the brushes and commutator, notwithstanding that the armati^ 
turned, and thus the rotation was continuous. This tendency of an in- 
ductor to turn from an oblique position was thus utilized by him to get 
over the difficulty of starting a single phase motor. With this object in 
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view he then constructed motors in which the use of commutator and 
brushes was restricted to the work of merely starting the armature, which 
when so started was then entirely short circuited on itself, though dis- 
connected from the rest of the circuit, the operation then being solely 
on the induction principle. 

Ques. What difficulty was experienced with Thomson’s 
motor? 

Ans. Since an open coil armature was used, the torque de- 
veloped was due to only one coil at a time, which involved a 
necessarily high cmrent in the short circuited coil resulting in 
heavy sparking. 

Profs. Anthony, Ryan and Jackson appreciated the seriousness of this de- 
fect, and in 1888 suggested the use of a closed coil armature winding in 
place of the open coil type (U. S. patent 389,352 Sept. 1888). This re- 
sulted in a greatly increas^ power for a given weight, because the effective 
turns on the armature were augmented and a given current produced more 
torque, or a smaller current produced the same torque with less sparking. 

On the other hand, sparking with this type of armature is due not only 
to reversal of current in the coil short circuited by the brush, as in d.c. 
machines, but also to transformer action. 

Ques. Did the use of closed coils effectually stop sparking? 

Ans. No. 

Ques. What other means is employed in modem designs 
to reduce sparking? 

Ans. Compensation and the use of a distributed field wind- 
ing, high resistance connectors, high resistance brushes, etc. 

In explaining the operation of the straight repulsion motor 
consider the drum armature replaced by a ring armature so that 
the current flow may be more easily traced. 
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Fig. 2,969 shows a ring armature without brushes placed in an ax, 
field. With the armature at rest (assuming current induced in the ar- 
mature coils to be in phase with the flux, as in figs. 2,954 to 2,959), pressure 
will be induced in the winding as shown during a half cycle; starting at A, 
traversing both sides and meeting at C. Since these pressures are equal 
and opposed to each other there will be no flow of current. 

Now if points A and C, be connected by short circuited brushes as in 
fig. 2,970 current will flow around both sides as indicated. 



Fig. 2,969. — Wound ring in ax. field showing direction of pressures induced in the inductors 
by transformer action. In this and accompanying cuts, induced pressures tmd currents are 
assume to be in phaee with the yield flux. Ab shown, the induced preaeures starting 
from A, traverse both halves of the winding to the point C, indicated by the arrows. Since 
the pressures induced in one half of the winding are equal and opposite to those induced 
in the other half, no current will flow. 


The inductive effect for quadrants AB and CD, tend to produce counter 
clockwise rotation, and for quadrants CB and AD, clockwise rotations. 
These opposing torques balance each other so that the resultant is zero, 
hence no rotation. 

Again if the diort circuited brushes be moved to the position 
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LIVE. NEUTRAL 


Kig. 2,970. — Ring armature in ax. field with short circuited brushes located on magnet axis 
For this connection there will be a maximum flow of current; this position oj the brushes 
is called the lice neutral. Since the armature is polatized in the directkHi ns. parallel to 
the field lines of force, there will be no torque tending to produce rotatkm b e came there 
is no leverage. 




ric. 2,971. — Ring armature in ax. field with short circuited brushes located at 9Cr from 
magnet axis, that is, from live neutral. Since the induced pressures in qmdrant AB^ are 
balanced bj the o^iposing pressures in quadrant AD, and ^ilar conditim obtain in the 
other two quadrants BC and CD. there will be no cuitent flow, consequently no torque 
tending .to produce rotation. 
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shown in fig. 2,971, perpendicular to the magnet axis, connect- 
ing points B and D, equal and opposing pressures would be 
induced in quadrants AB and AD , also in quadrants CB and CD . 

These opposing pressures would balance each other so that there would 
be no current or resultant torque. The two brush positions shown in 
figs. 2,970 and 2,971 are called the live and false neutrals respectively. 


rotat/oi^ 



Fig. 2JS/T2 . — Ring armattire in a.c. field with two thick bru&hes placed to short circuit two 
pairs of coils L,P. and H,D. With thit arrangement, clockwise rotation will result due 
to repulsion by the two pairs of short circuited coils. The resultant effect of the other 
coils is zero as may be seen from the dis^^m. 

Now the strength of current induced in a coil by an a.c. 
magnet depends on the angular position of the coil with re- 
spect to the field. 

In fig. 2,972, the inductive dfect (considering one quadrant) is great in 
coil L or F, and least in coils o' and/. It is great in L or F, because a 
maximuni number of lines of force thread through each; least at a\ because 
a mmimum number of lines of force can thread through it on account of 
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the acute angle of inchnation to the field; sdso weak at /, because the field 
is weak at that point. Accordingly, the inductive effect may be taken as 
equal in similarly placed coils as for instance in coils c and c\ 

With the two thick brushes M and S, placed so as to short 
circuit several coils as L,F, and H,D, cxirrent will flow through 
the two pairs of coils thus short circuited as indicated. 

By c*omparmg the diagram with fig. 2,969, or by Lenz law, the current 
will be found to be in a direction such as to polanze the coils L,F, with 

a n pole near the N 
pole of the magnet, 
and to polarize the 
coils H,D, with a s pole 
near the S pole of the 
magnet. A clockwise 
torque is thus produced 
due to the re^sion of 
like poles. 



Fig 2,973 — Osnos circle diagram for repulsion motor. In construction, OE ^direction of 
the impressed voltage, OIi the pnmary current with armature locked, drawn at an angle 
EX>I, correspondmg to its phase displacement. Ol/, is the current with armature revolving 
without load and EOl/, is its correspondmg phase angle. Draw an arc of a circle through 
Ol/lj, the pomt C, being the center of the circle. This is the circle of current input, and the 
angle EOl, is the phase of any particular pnmary current. The ordmate 11', is the working 
or energy component of the current 1 , and is proportional to the input. Descnbe the circle 
B1,D, which has Its center on OB, perpendicular to OE. Then on OB, as a diameter describe 
a second semi-circle OL/D. The first of these semi-cucles or BleD, is the circle of speed and 
the second circle OIoD 19 the torque circle. Thus for a load requiring a current I, the speed 
is represented by the ratio IPP -i-D, and the torque by the product Ol X IN. The line ID, 
represents the secondary current in phase and magnitude i^uced to primary equivalents. 
The angle S, is the difference m phase between correspondmg pnmary and secondary cur- 
rents. This diagram takes into account the copper losses as well as leakage effects, but does 
not include the windage, faction or iron losses, which must be allowed for, either by addition 
DO the mput or subtraction from the output. 

It should be noted that with this arrangement only those coils L, F, and 
H, D, that are short circuited by the brushes have current flowing through 
them and are accordingly the only coils that produce rotation. The reason 
for this will be seen by examining the diagram closely. Thus, the pressures 
induced in coils c, d, e, f and a^ indicated by the small arrows, are balanced 
by equal and c^posite pressures induced in coils and a, 

hence there is no current flowing in these coils; that is, current Aots only 
in c^, L,F, and H,D. 
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More coils can be utilized and the repulsive effect made 
stronger by connecting the brushes M and S, as shown in 
fig. 2,974. 

The effect of this is to bring all the coils into action, producing a strong 
clockwise torque, excepting (for the brush position shown) , coils a and a' 
v^diich are bu^ng the other coils. 


rotat/o/v 


ONCXOIL BUCKING 





ONE COIL BUCKING 


Pig. 2,974. — Ring armature in ax. fiekl with short circuited brushes located at an angle to 
the magnet ax's showing polaiizatioi of armature, rotation by repulsion and electrical 
conditions in the coils. 

The current flow due to connecting the brushes, polarizes the armature 
in the direction ns, resulting in repulsion at both poles with the poles of 
the magnet. 

If the brushes be shifted to a less or greater angle than in 
fig. 2,974, the torque corresponding will be reduced as shown 
in figs. 2,975 and 2,976, because of reduced leverage in fig. 
2,975, and remoteness of poles in fig. 2,976. 
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BRUSH POSITIOH VALUES OF d 


2,978— Curves for repulsion motor showing effect on current and tCM'que due to shiftmg 
the bmrfies. Note that the current and torque vary greatly with the position of the bnisiios. 
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Again, if the brushes be shifted across the magnet axis, the 
direction of rotation is reversed, as shown in fig. 2,977. 


In other words, shifting the brushes away from the live neutral magnet axis 
results in a torque in the direction of the shift. 



Fig 2,979 — Diagram of connection of Sprague single phase compensated repulaioii motcv 
To reverse direction of rotation mterchange leads Ci and C* and slightly shift the Ixiish 
holder yoke Brushes Ei and Ej 2 we permanently short circuited This diagram of con- 
nections apphes also to fig. 2,981 . 

In the accompanying diagrams the electrical conditions were 
shown for only part of the cycle. In operation the direction 
of rotation will be the same for the entire cycle because the 
current in the field and armature reverse together or practically 
so depending on the amount of lag. 

For simplicity the current has been assumed to be in 
phase with the flux, though in practice as already ex- 
plained it lags about 135° behind the flux. 

Compensated Repulsion Motor. — In its simplest fcnxn it con- 
sists of ^ simple or “straight" repulsion motor in which there are 
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two indei)endent sets of brushes, one set being short circiiited 
while the other set is in series with the compensating winding. 

Qnes, What names are given to the two sets of brushes 
on a compensated repulsion motor? 

Ans. The energy or main short circuiting brushes, and the 
compensating brushes. 



Fig. 2,960. — Compensated repulsion motor. B, and B, main brushes; b, and b, compensating 
bnasbss. 


The compensated repulsion motor is a development of the straight re- 
pulsion type and was designed with the object of overcoming field distortion 
90 as to increase the power factor i^f the •nachine. 

The simplest form of compensated repulsion motor is shown in fig. 2,980. 
The effect of the compensating brushes B and B, considerably modifies the 
action of the machine. 

One effect is largely to neutralize the self-inductance of the field winding, 
since the current flowing in the armature across these brushes acts as the 
current of a short circuited secondary, of which the field winding is the 
primary. The field winding* therefore, acts as a transformer coil; on 
the other hand; it does not supply the entire magnetic field necessary for 
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the production of the turning effort. This latter field is now mainly sup- 
plied by that component of the current which passes through the armature 
at brushes b and b. 

The current flowing between b and b, is variously known as the exciting 
or compensating current, while that developed between brushes B and B, is 
called the short circuit current. 

This type of motor is characterized by high power factor at speeds 



Fig 2,981 — Diagram of corniectiona of Sprague variable speed single phase compensated 
repulsion motor and contriver The owitroUer is design^ to give speed reduction and 
^3eed increase as resistance or reactance is inserted in the energy and compensating circuits 
Constant speed and variable speed motors are identical with the exceptioa of the leads 
brought out from these circuits. The standard controller gives approximately 2 : 1 ^>eed 
variation. 


above sjmchronism, but at low speed its power factor is less than with the 
ax, series motor, while at all sp^ points its torque per ampere is not as 
high. 

A further criticism of this construction is, what has been the greatest ad- 
vantage of the repulsion motfu*, its connection directly to high tensioa lines, 
is no longer practicable, because now the revolving member is also in the 
main circuit so that the necessary insulation is diffiailt. This bad feature 
of the compensated motor is avoided by the Winter-Eichberg moditeitiofi 
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shown in fig. 2,982. In this design the armature eicciting current, flowing 
between brushes b and by instead of being supplied directly to the armature 
from the high tension lines, is obtained from the secondary of a transformer 
whose primary is in senes with the stator and high tension circuit. 

Variable speed is obtained by vanation of the voltage supplied by this 
secondary, which is provided with taps, as shown. 



PiB. 2,982. — Modified compensated repulsion motor to permit high tension operatkm with low 
tension commutation . 

Repulsion Start Induction Motor. — This t3TJe of motor is one 
designed to start as a repulsion motor and run as an induction 
motor. It ^ould be carefully distinguished from the repulsion 
inducticm motor later described. 

The repulsion start induction motor has a single phase 
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distributed field winding with the axis of the brushes displaced 
from the axis of the field winding. The armature has an insu- 
lated winding. The current induced in the armature or rotor is 


Fig. 2,983. — Wagner single phase repulsion start induction motor armature showing com- 
mutator end. 




Figs. 2,984 and 2,985. — Wagner single phase repulsion start induction motcw armatures show- 
ing type of governor employed on the smaller sizes (fig. 2,984) and on the larger sizes (fig. 
2,985). 

carried by the brushes and commutator resulting in high starting 
torque. When nearly synchronous speed is attained the com- 
mutator is short circuited so that the armature is then amilar 
in its functions to a squirrel cage armature. 
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REPULSION STARTING 



INDUCTION RUNNING 



SHORT circuiting RING 
IN CONTACT WITH COMMUTATOR 

Figs. 2,966 and 2,987 — Ehagrams illustrating operation of brush lifting roecbaniRn of repuhdon 
start induction motor Fig 2,986, brushes in contact with commutator dhriz^ repulsion 
starting, fig. 2,987, brushes lifted from commutator and short circuiting nng pressed against 
commutator, short circuiting the latter, thus causing motor to run as an induction motor. 
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The elementary diagrams figs. 2,986 and 2,987 show the working prin- 
ciples of th« mechanism for simultaneously lifting the brushes and short 



Fig, 2,988. — Baldor single phase repulsion start induction motor centrifugal short circuiting 
switch. In construction there are three centrifugal weights spac^ 120® apart and held to 
the center of a cup shaped housing, when the armature is not rotating. When the armature 
l:>efi:in8 to rotate, the centrifugal force causes these weights to leave center and ^K>rt circuit 
six stationary ocm tacts spaced 60° apart on the inside wall of the housing. On 6 pole types 
four centrifugal weights and eight stationary contacts are used spaced 90° and 45° apart 
respectively. These contacts are connected to six and eight sections of the commutator 
by means of leads through the armature slots. It is claimed that this switch serves the 
same purpose as a switch which has many more parts and short circuits all of the bars of 
the commutator against a ring, or one which uses a necklace of copp^ segments to short 
circuit one commutator bar against the next one. The object of this construction is to 
secure greater reliability at the expense of a fraction of 1% less of efficiency. 



Fig. 2,989. — BakUn: single phase repulsion start induction motor brush g ear an d tinialiei. fit 
construction, each brush is pig tailed to the hcider and a copper wire providea the ahunt. 
The iK^dert are insulated so that no current passes the the rodcer arm or frame of 
The commutator being of relatively large propOTti<M» and the brushes carefull y se lected 
it is not necessary to raise them. The brushy carry current only at etarting and wbca 
up to speed the centrifugal switch carries all tb* '*urrent 
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drcuitiiig the commutator to change the operation from repulsion to in- 
duction. The object of lifting the brushes is to eliminate wear of the com- 
mutator during the running periods as it makes no difference electrically 
whether the brushes be in contact or not after the motor comes up to speed. 



Fig. 2,990. — ^Balder single phase repulsion start induction motor armature. 



Fig. 2,991. — ^Baldor fractional horse power single phase repulsion start induction motor ccmh' 
mutator showing sectional view of the short circuiting switch. This switch is designed for 
rolling contact to render it self-cleaning. 



Fig. 2,992.— Baldor fractional horse power single phase repulsion start induction motor. 


This motor has gone through many stages of improvement since its first 
appearance on the market, although its general jHinciple has remained the 
same. The general reliability of this type of motor is largely governed by 
the reliability of the short circuiting mechanism. For this reason, it has 
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been the constant aim of engineers to improve on the principle and con- 
struction of the short circuiting switch. Centrifugal force, as a means to 
accomplish the best results, was early resorted to and still remains the most 
practical method, because the weight being once determined, will always 
throw out and short circuit the commutator at the same speed. 


Since the motor starts on the repulsion principle it has the 
same starting characteristics as the repulsion motor described 
above, namely, high starting torque and low starting current. 




Fig. 2,993. — Master single phase repulaton start induction motor short circuiting centrifugal 
starting switch; built as a unit. 

Fig. 2,994. — Sectional view of Master angle phase repulsion start induction motor short 
circuiting switch showing operation. It U constructed so that centrifugal force reacts 
against the circular coiled spring that resta in a groove upon the outer surface of the short 
circuiting segmentst The ends of the commutator bars are beveled to provide a wiping 
contact with the segments as they move outward. As the segments reach the end of their 
travel, they produce a wedging action contact against the commutator bars that gives 
good iiKchanical contact. 
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As the motor speeds up the torque falls off rapidly. At some point 
on the q)eed torque curve after the repulsion curve has crossed 
the induction motor curve, usually at about 80 % of synchron- 
ism, the commutator is automatically short circuited, producing 
the effect of a cage winding in the armature, and the motor 
comes up to speed as an induction motor. 

After the commutator has been short circuited, the brushes 
do not czirry current and, therefore, may be lifted from the com- 
mutator, but lifting the brushes is not necessary. 



Fig, 2,995. — Leland single phase repulsion start induction motoi sliort circuiting device. The 
apstnictkxi is clearly shown in the illustration. 


The curve in fig. 2,998 shows the speed torque characteristics of a typical 
repulskm start induction motor. The short circuiting mechanism operates 
at point A. At this point the induction motor torque is greater than the 
repulsion motor torque, which means that if the repulsion winding have 
sufficient torque to bring the load up to this speed, there will be sufficient 
torque as an induction motor to bring the load up to full speed. The higher 
the speed at which the short circuiting mechanism operates, the lower will 
be tiie induction motor current at that point and consequently the less dis- 
turbance to the line. After the commutator has been short circuited, the 
motor has the same characteristics as the single phase induction motoi 
described above. 
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Figs- 2.996 and 2,997-— Jeannin single phase repulsion start induction motor short circuiting 
device. Fig. 2,996 starting position switch open: fig. 2,997 running position, commutator 
short circuited. 



Fig. 2,998, — Speed tCMrque curve of repulsion start induction motor. 
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If the short circuiting mechanism operate before the repulsion curve 
crosses the induction motor curve, and the torque of the induction motor is 
less than that required to accelerate the load, the motor may slow down 
until the short circuit is removed from the commutator, in which case the 
motor will again operate repulsion. The armature will then speed up until 
the commutator is again short circuited after which the armature will slow 
down until it again becomes repulsion. This cycle will be repeated over 
and over again imtil some change takes place. 

The efficiency and maximum running torque of the repulsion start induc- 
tion motc«* are usually less than those of a cage wound induction motor 
built of the same parts. In other words, the repulsion start induction 
motor must be larger than cage wound motor of the same rating to give the 
same performance. 



Fig, 2,999. — ^Jeannin single phase repulsion start induction motor armature showing govem<^ 
mghts which when acted upon by centrifugal force close the short circuiting switch. This 
operation b shown in figs. 2,996 and 2,997. 


Since this motor has low starting current, the fractional horse power sizes 
may be operated from lighting circuits when used to drive frequently start- 
ing devices. Some applications of this motor are air compressors, water 
systems, gasoline pxunps, household refrigerators, meat choppers, etc. 

RepaLdon Induction Motor. — This is a combination of the 
repulsion and induction types and operates by the combined 


NOTE . — Camtui diatinction should be made between repuslwn induction motors 
rtpulsion start induction motcati. The questionable practice anumg manufacttuers of odling 
re^mlsion start induction motors simply repulsion induction motOTs should be discontinued 
as it is erroneous and misleading to the buyer. 
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principles of repulsion and induction. It is sometimes called a 
squirrel cage repulsion motor. In this motor is obtained the 
desirable starting characteristics of the repulsion motor and the 
constant speed characteristics of the induction motor. It is 
obviously impossible to combine the two types of motor and 
obtain only the desirable characteristics of each. 



Fig. 3,000. — General Electric constant speed single phase repulsion induction motor; phantom 
view showing commutated winding A and squirrel cage B. This motor has no centrifugal 
short circuiting switch and operates on the combined principles of repulsion and i$uiuctioH: 
it is sometimes called the squirrel cage repulsion motor. Winding A, gives the high starting 
torque of a repulsion motor; winding B, the running characteristics of an induction motor 
This type motor is adapted to applications requiring frequent starting and stopping, even 
when tte voltage is low, or under severe service conditions. 

The field has the same type of winding as is used in the r^ul- 
sion start induction motor . The armatme has two separate and 
independent windings: 

1. Squirrel cage winding. 

2. Commutated winding. 
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Both of these armature windings function during the entire 
period of operation of the motor. There are no automatic 
devices such as the starting switch of the split phase motor, or 



the short circuiting 
device of the repulsion 
start induction motor. 

The cage winding is lo- 
cated in slots below those 
which contain the commu- 
tated winding. The slots 
which contain the two 
windings may or may not 
be connected by a narrow 
slot. Usually there are the 
same number of slots in 
the two windings. It is 
not, however, absolutely 
essential that they be the 
same, as before stated. 

Fig. 3,001 shows the 
arrangement of the two 
armature windings. 

Due to its construction, 
the squirrel cage winding 
has inherently a high in- 
ductance. Its reactance 
with the armature at rest 
is, therefore, high. 


Fig. 3,001. — Repulsion induction motor, or combination squirrel cage repulsion motor. The 
armature of this machine has a highly reactive squirrel cage in the slots below the commu- 
tated winding. The narrow portion between the squirrel cage winding S, and the commu- 
tated winding C, is occupied by a metal strip M , of comparatively high resistance . Sparking 
is minimized by transferring the energy of the short circuited coil to the cage winding through 
the interveiition of the leakage flux which is mutual to the two windings and shown by 
p>ath 1; and also by similar action to the non -magnetic strips M, as shown by flux path 2. 
In operation with 'N^oltage impressed upon the motor at standstill, the am^ture frequency 
is high and little current will flow in the squirrel cage winding because of its large indwt- 
aiice. As a result, the current will flow mainly in the commutated winding, thus startii^ 
the machine as a repulsion motor, and increasing the speed with decreasing torque. When a 
high speed is reach^ the cage winding carries its share of the current and the motor will 
operate at nearly constant speed as an induction motor. 
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The commutated winding has a low reactance and the current will flow 
mainly in this wmdmg. The ideal condition at starting would be for all of 
the flux to pass beneath the commutated winding and none of it to pass 
beneath the cage winding. If this condition could be obtained, this motor 
would have the same starting characteristics as the repulsion start induc- 
tion motor. 

At full load speed, which is slightly below synchronism, the reactance of 
the cage winding is low, and most of the mutual flux passes beneath the cage 
winding. 



Fig. 3,002 — Speed torque curve of repulsion irduction motor. The starting torque is about 
two and one-half times full load torque and the starting current is about two and one-half 
to three times full load current. The spec i to^'que curve is very similar to that of a com- 
pound wound d c motor. As the motcwr speeds up, the torque increases until the maximum 
torque point is reached, which msures that the motor will bring up to full speed any load 
that It will start Due to the somewhat droop ng speed torque charactensLic, this motor 
tends to throw off its load as it is overloaded, as the applied voltage is decreased, the 
motor speed decreases and the power required :o drive a constant torque load decreases. 
The current on overload, therefore, does not increase as rapidly as in the case of the in- 
duction motor or the repulsion start induction motor. At light loads, the speed of this 
motor may be above synchronism. This is a very desirable feature m many cases, for 
example, driving a pump where the pump starts against low pressure and builds up the 
pressure. Due to the higtrer light ioad speed of this motor, a pump driven by it will buikt 
up Its pressure m less time than one driven by a constant speed motor. 

Both windings produce torque and the output of the motor is 
the combined output of the cage winding and the commutated 
winding. 
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The commutation of this motor is good at all speeds . The no load speed 
is above synchronism and is limited by the combined effect of the field wind- 
ing on the commutated winding and the cage winding and the action of the 
two armature windings on each other. At synchronous speed, a squirrel 
cage motor has no torque. At synchronous speed and for a short distance 
above synchronous speed, the torque of a repulsion induction motor is 
greater than that of the commutated winding alone, which shows that, due 
to the interaction between the two armature windings, the squirrel cage 
supplies torque instead of acting as a brake. 

At full load speed, and up to about the maximum running torque point, 
the torque of this motor is greater than the sum of the torques of the cage 
winding and the commutated winding. The inherent lock^ torque curve 



Fig 3,003. — Ixxiked torque of repulsion motor. 

of a repulsion induction motor is similar to that of the repulsion motor 
shown in fig. 3,003. At soft neutral, the primary winding carries the 
squirrel cage current in addition to the exciting current of the motor. Since 
the starting current of the repulsion induction motor is low, it may be oper- 
ated fix«n lighting circuits when driving frequently starting devices. 

The repulsion induction motor is especially suitable for sudi applica- 
tions as household refrigerators, water systems, garage air pumps, gasoline 
pumps, compressors and similar applications. This motor may also be 
amnged for reversing service by the same method descnbed for the repul- 
sion motor, that is by the use of one transformer field and two main field 
windings. 
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TEST QUESTIONS 

1. What did Prof. Thomson observe in experimenting 

with a copper ring’ 

2. What should be noted in regard to the term "repul- 

sion” as applied to repulsion motors’’ 

3. Name four types of repulsion motors. 

4. Give the basic principles deduced from Prof. Thom- 

sons experiments with a copper ring. 

5. What is the phase relation between the field flux and 

the voltage induced in the ring? 

6. What is the effect of the lag in the current behind the 

voltage induced in the ring? 

7. What conditions obtain when the current lags 180° 

behind the field flux? 

8. In practice what is the approximate lag to produce 

maximum torque’’ 

9. What is a straight repulsion motor? 

10. Describe Prof. Thomsons experiments with an or- 

dinary d.c. armature in an a.c. field. 

1 1 . What difficulty was experienced with Thomson s 

motor? 

12. Who suggested the use of closed coils? 

13. Draw a diagram and explain action of ring arma- 

ture in an a.c. field. 

14. What is the position of the short circuited brushes in 

operating? 

15. What is the difference between the live and false 

neutral? 

16. How is a straight repulsion motor reversed? 
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17 What is a compensated repulsion motor 

18 What names are given to the two sets of brushes on a 

compensated repulsion motor 

19. What is a repulsion start induction motor? 

20. How is a transition from starting to running con- 

ditions made'> 

21 What difference does it make whether or not the 

brushes be in contact with the commutator during 
the running period of the motor 

22 What force is employed to operate the short circuiting 

switch and brush lifting mechanism'^ 

23 What is a repulsion induction motor? 

24. What mistake is made by manufacturers in using 

the title “repulsion induction motors'? 

25. What two kinds of windings are used on repulsion 

induction motors? 

26 For what applications is the repulsion induction 
motor 'especially suited'^ 



Brush S hitting Motors 


1,999 


CHAPTER 62 

Commutator Motors 

3. Brush Shifting, Adjustable Speed 

Brush Shifting Commutator Motor. — This type of a.c. 
commutator motor is designed to obtain adjustable speed by 
the method of shifting the brushes. The development of satis- 
factory a.c. adjustable speed motors, and combinations for ob- 
taining adjustable speed, has been given much attention both in 
Europe and in this coimtry because of the quite general use of 
alternating current and because the usual t5q3es of a.c. motors 
give constant speed or approximately constant speed. 

The motor selected to illustrate this type is the General 
Electric BTA motor known as an a.c. adjustable speed brush 
shifting motor. 

It Operates with three phase current and has shunt characteristics; that is, 
its change of speed is only moderate as compared with the change in load. 
It is sometimes known as the Schrage motor; its inventor being K. H. 
Schrage of Sweden. It is built to supply the demand for an c.c. motor hav- 
ing shunt characteristics which will olso provide adjustable speed features 
without unduly complicating the machine. 

Such a motor may be used for a wide field of applications where its char- 
acteristics are desirable or necessary and where alternating current is the 
only available power supply. 

The motor may in some respects be compared with the slip 
ring induction motor, although it should be borne in mind that 
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the characteristics of this brush shifting motor are quite different 
from the characteristics of the slip ring induction motor, as is 
shown later. 

The general construction of the motor is shown in figs. 
3,004 and 3,005. The schematic diagram, fig. 3,007 shows 
how the windings are arranged. 

In the description following, the stator is the armature and the rotor, the 
field. It should be noted in this connection that the rotor with its two wind- 
ings performs the functions of both field and armature. On account of this 
com^cation, the terms rotor and stator are used. 



Fig. 3,004. — General Electric 3 phase adjustable speed brush shifting motor. The inherent 
feature of thia type motor is that its change of speed is only moderate compared with 
the change of load. It has a full load speed range of threc-to-one, the slip reducing the top 
and bottom speeds and all intermediate speeds as with an induction motor. The change 
in speed from no load to full load, however, is greater than for an induction motor, but 
is substantially the same in revolutitms per minute over the speed range of the developed 
ratings, except at and near synchronous speed where it is less. At high speed this amounts 
to 5 CM* 10 per cent of the speed in question, and at low speeds to 15 or 20 per cent of the 
speed in question, depending on the rating of the motor. 


The field winding is in the rotor instead of in the stator, as is the case in 
slip ring induction motors, and is connected to the power supply through 
slip rings. 

The armature winding is in the stator which again differs from its position 
in the slip ring induction motor. The armature winding has each phase 
independent. In addition, this shunt characteristic motor has a second 
winding in the rotor similar to a d.c. armature winding which, in this case, 
also connects to a commutator. This winding, known as the adjusting 
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winding, is placed nearest the air gap to obtain the benefit of lower reactance 
and thereby give better commutation. 

The motor is provided with two brush yokes, one located at each end of 
the commutator, so arranged as to shift in opposite directions. 

One end of each phase of the armature winding is connected to brushes 
on one brush yoke and the corresponding other ends of the armature winding 
are connected to brushes on the other yoke. 



Fig. 3,005. — General Electric 3 phase adjustable speed brush shifting motor rotor or combined 
field and armature showing slip rings, commutator, etc. Torque: With the bruehes in the 
low speed position the motor may be thrown directly on the line and will give from 150 to 
250 per cent of normal torque at starting with only 125 to 175 per cent of full speed line cur- 
rent. The maximum running torque at low speed is 150 to 250 per cent of normal torque, 
and increases as the speed is increased. For the high speed position, the maximum running 
torque is 300 to 400 per cent of normal torque. With the brushes in the high speed position 
the starting torque is approximately 110 to 150 per cent of normal twque, although the 
static torque may be materially less than these values due to the position curve and the 
starting current is apFWOximately 400 to 600 per cent. 


NUMERALS ON CURVES IN0ICA7& 



500 600 700 800 900 1000 JlOO 1200 1300 WOO 1500 1600 1700 1800 1900 2000 
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Fig. 3,006.—Hor8e power output curves for KimWe single phase class A, variable speed motor. 
The curves show the speeds at varioua hocae powers of a 3 h,p, motcH* at various controHer 
points. 
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Fig. 3,007. — Diagram of General Electric 3 phase adjustable speed brush shifting motor. The 
stator contains only the armature winding, each phase of which is connected indepiendently 
between two commutator brushes The rotor has two windings 1, The field wtndtng is 
connected to the collector rings deriving piower therefrom. 2, The adjusting wtndtng is 
j^aced in the same rotor slots and connects to the commutator. In construction and 
operation the commutator is provided with two yokes so arranged as to shift in opposite 
directions. One end of each phase of the armature windmg is connected to brushes on one 
brush yoke and the correspionding other ends are connected to brushes on the other yoke 
When the brushes, to which each end of the armature phase is connected, are on the same 
commutator segment, the adjusting winding is idle, the armature winding is short circuited 
and the motor runs as an induction motor with speed corresponding to the number of poles 
and freq^tency of supply. As the brushes are moved apart, a section of the adjusting winding 
18 included tn series with the armature winding, causing the armature windmg to generate 
a voltage to balance the voltage impressed upon it by the adjusting winding, thereby causing 
the motor to change its speed. Movmg the hand wheel in one direction raises the spieed 
and moving it m the other direction reduces the speed. The motor operates both above 
and below the induction motor synchronous speed. 


NOTE. — The brush shitting adjustable speed motor has a low voltage on the commu- 
tator whidi 18 desirabM for certam applications. This voltage is the same when starting or 
running. Vanations of line voltage do not materially affect the speed as with d c machim^? 
the motor being similar to an induction motor m this respect. 
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Bus rings on the yokes keep the phases separate and permit the use of 
several studs per phase . With three phase power supply for the field in the 
larger sizes of motors, it is frequently desirable to use a different and larger 
number of phases in the armature winding, and a corresponding spacing of 
the brushes on the commutator. This is possible since there is no electrical 
connection between the field and the armature winding. Better commuta- 
tion and better operating characteristics are thereby obtained. 

The field winding in the rotor which connects to the power 
supply through the slip rings generates the working flux in the 
machine. 

This flux is substantially constant since the line voltage and line frequenc\ 
are substantizdly constant . Since the adjusting winding, which connects to 
the commutator, is placed in the same slots as the field winding, a voltage 



Fig. 3,008. — Horee power output curves for Kimble single phase class 1 brush shiftiug variable 
speed motor 




2,004 


Brush Shifting Motors 


of oxistant value and at line frequency is induced in it by the field flux, by 
transformer action . 

The commutator changes the frequency from line frequency to slip 
frequency, which is the frequency of the armature of the machine. Thus 
the voltsige between two brushes properly located on the commutator will 
depend upon the number of commutator segments between them or, in other 
words, upon the number of turns of the adjusting winding included between 
the two positions on the commutator where the brushes are located. Obvi- 
ou^y , the minimum value of this voltage will be zero when the two brushes 
being considered are together on the same commutator segment, thus 



Fig. 3,009, — Kimble single phase adjustable speed brush shifting commutator motor. 


including no portion of the adjusting winding. Also, the voltage will have 
its maximum value when the two brushes are one pole arc or 180 electrical 
degrees apart on the commutator. 

Now assume one of the brushes to be connected to one end of armature 
phase and the other brush to be connected to the other end of the same 
phase; and likewise for the other brushes or groups of brushes and armature 
winding phases. For the condition where the brushes are together on the 
same commutator segment, it was noted that no portion of the adjusting 
imding was included and it is apparent that the armature winding is short 
circuited. Thus is obtained the conditions existing in an ordinary slip ring 
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Fig 3,010 — Connections of a three phase brush shifting senes motor. A senes transformer 
18 generally used to step down the voltage for the armature as low voltage is necessary to 
good commutation. The secondary of this transformer is connected for three phases and 
the armature has three sets of brushes per pole pair. The transformer, by its ability to 
become saturated, limits the no load sp^ of the motor to a safe value, whidi is usually 
about 150 per cent nonnal. 


NOTE . — The cheracteristic9 of the brush shifting polyphase motor depend to a consider- 
able degree upon design factors, such as ratio of armature to stator ampere turns. In mder 
to gam flexibility in p^ormance these hictors may be arranged for adjustment in the 
The armature relations are modified by means of taps m the step down transformer. Light 
load operation is more stable if the pnmary turns in this transformer be redtmed bdow the 
most ^ective full load ratio. The tap to be selected depratds upem the relatioii of motor 
rating to load handled. 

NOTE . — The briuh »hiftin 9 polyphaee motor is better suited for use on 25 cycle cir- 
cuits than on 60 cycle circuits. The commutation is better at the lower frequency and the 
possible output from a given commutator and frame is greater with low than with high fre- 
quency. This is primarily due to the fact that higher voltage per phase and more rotor {biases 
may be used with a given number of brush studs due to the lesser number of poles for a given 
speed This results in less current per rotor phase and increases the capacity of the commutator. 
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torque curves of a motor with the tnushes act a distance correspondixig to 23,4 etc. 

bars fro|n neutral, as indicated by the numerals. However, it should be understood that the 
brush positions are not limited to these settings. Fig 3,013 gives speed output curves at the 
same brush settings. By the aid of these curves the load on the motor can be found. While 
these curves are accurate only for one rating, they indicate the general characteristics of all 
type L.K. motors. 
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induction motor with short circmited armature and the motor will nm as an 
induction motor with its speed depending upon the frequency of supply and 
upon the number of poles of the motor. 

If the brushes of the motor be now moved apart, some commutator seg- 
ments and consequently a portion of the adjustmg winding will be included 
in series with the armature wmdmg, thus impressing a voltage at slip or 
armature frequency across the armature winding If the brushes be prop- 
erly located on the commutator, this voltage will cause an increase or de- 
crease in the speed of the motor because the armature winding must gener- 
ate a reverse voltage with proper phase rotation to balance the voltage 
impressed upon it by the adjusting wmdmg. The speed of the motor must 
change until the voltage generated by the armature wmdmg (generated by 
its cutting the field flux) balances the impressed voltage with just enough 
difference to permit suffiaent current to flow to develop the required torque. 

When the gear shaft of the brush shifting mechanism is turned in one 
direction the speed is raised, and when turned in the opposite direction the 
speed IS lower^. The motor operates both above and below the induction 
motor synchronous speed. If the brushes of the motor be shifted approx- 
imately 90 electncal aegrees aroimd the machine, that is, such that the same 
two brushes are together on a segment 90 electrical degrees from the posi- 
tion referred to, and they then be moved apart as before, the speed would 
not change but the power factor would. Therefore, by comprcanising 
between the two positions speed control is obtained, and also some control 
over the power factor within the capacity of the windings. 


TEST QUESTIONS 

1 . What IS the object of shifting the brushes? 

2. Are brush shifting motors in general use? 

3. What is the nature of the speed of the usual types 

of a.c. motors? 

4 What is understood fcy the term "adjustable speed"? 

5 . What is the field of application of adjustable speed 

brush shifting motors? 

6. With what other type motor may the brush shifting 

motor be compared’’ 



2,008 


Brush Shifting Motors 


7 . Describe the construction and operation oj General 

Electric three phase adjustable speed brush shifting 
motor. 

8 . Where are the field and armature windings located? 

9. Do variations of line voltage affect the speed? 

10 . Describe the effects obtained by shifting the brushes 
of General Electric motor to various positions. 
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CHAPTER 63 , 

Commutator Motors 

4. Fynn-Weichsel Motors 

The Fynn-Weichsel Motor. — The disadvantages of low power 
factor experienced by central generating stations caus^ the 
National Electric Light Association in 1921 to address a letter 
to all motor manufacturers strongly luging them to try to 
produce a general purpose alternating current motor that would 



Fig. 3.014. — Fynn-Weichaei external resistance or slip ring induction aelf-excited synchronous 
motor; type design for ratings 30 h,p. 10 pole up to 200 k.p» 
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operate at unity power factor, or in other words, a motor that 
would furnish its own magnetizing current. The Fyim-Weichsel 
motor produced in response to this request and according 
to the claims of the manufacturer (Wagner) not only accom- 
plishes this, but in addition corrects low power factor due to 
other motors on the line, that is, furnishes magnetizing ciurent 
for induction motors as well as for itself. 



Fig 3,015. — ^Fynn-Weichael motX)r starting connKtxons. The starting equipment is similar to 
that of a slip nng induction motor and as easily manipulated. Pilot circuit automatic 
starting may be used if desired. 



Pig. 3,016 — Pyim^Weichsel motor starting charactenstics. It will be noted that the average 
airrent required during the starting period at full load torque is equal to 1 to 1.5 tunes 
aormal full load running current. 
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Further, as claimed, for each horfee power of medium and high speed 
Fynn-Weichsel motors installed, its leadmg magnetizing amperes counter- 
act the lagging magnetizing amperes of induction motors of the same horse 
power and speed giving substantially unity power factor of the combined 
load of the cwo types of motors . It accon^plishes this correction irrespective 
of the load on the two types of motors . However , if the lagging magnetizing 
amperes of slow speed induction motors are to be counter balanced by the 
leading magnetizing amperes furnished by Fynn-Weichsel motors of cor- 
responding speed, a greater proportion of Fynn-Weichsel capacity will be 



PER CENT RATED H.P. 

PTc. 3,018. — Fynn-Weichsel motxir running characteristics; motor adjusted to opemtt in 
parallel with induction motors, it will be noted that the motor operates at synchronoua 
speed with a leading power factor to about 160% load. Above this value it dyrops into m- 
duction motor charactenstics and continues to nm as a slip nng motor, to the breakdown 
pioint Qf approximately 300% load before it stops. 
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required to obtain unity power factor, due to the large magnetizing current 
required by slow speed induction motors. 

The Fyiui-Weischsel motor may be classified as a slip ring 
induction synchronous motor; that is, it starts as a slip ring 
induction motor zmd after attaining synchronous speed it 
becomes a self-excited synchronous motor. 

Moreover, if over loaded it drops out of step and operates as an induction 
motor, resuming synchronous operation if the excess load be removed. 

The motor consists of a stator with starting and operating field windings 
and a rotor field with windings carrying the load and exciting currents. 



Fig. 3,019 — Fyrai Weichael motor frame with etarting and running field windings. 


The rotor windings are connected to a commutator and slip rings of the 
usual construction. 

Brushes bearing on the commutator suitably intercoimect the stator 
and rotor windings. 
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Fig. 3,019 shows the stator construction which is quite similar to that of 
an induction motor. Fig. 3,020, shows the armature with its windings, slip 
rings and commutator. The complete motor is shown in fig. 3,014. The 
starting connections illustrated in fig. 3,017 are identical with those of a 
slip ring induction motor. The running connections are shown in fig. 3,017. 

The motor is started in the same manner as a slip ring motor by reducing 
resistance of the secondary circuit, either manually or with an automatic 
starter. 

The starting characteristics illustrated in fig. 3,018 are identical with 
those of the induction motor, with the difference, however, that the usual 
slip ring motor has a running speed with full load of 95 or 96 per cent of the 
synchronous speed while the Fynn-Weichsei motor operates at synchronous 
speed. 




Fig. 3,020 — Fynn Weichsel motor armature with windines in which are induced the load and 
exciting currents. 


The motor is so designed that with a load which does not exceed full load 
by more than 25 to 50 per cent, the rotor will continue its increase in speed, 
without diange in operating connections, until synchronism is reached. 


TEST QUESTIONS 

1 . What was the object in view in designing the Fynn- 

Weichsel motor? 

2. What windings are on the stator? 
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3 . What windings are on the rotor 

4 . How may the Fynn-Weichsel motor be classified'’ 

5 . How does it starF 

6 . How does it run after starting’’ 

7 . Describe fully the operation of motor with variable 

load. 

8 . What are the starting characteristics of the motor’ 

9. What are the running characteristics of the motor’ 

10 . Make sketch showing the starting connections. 

11 Make sketch showing the running connections 
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CHAPTER 64 

Converters 


The alternating current must change to a direct current in 
many cases as in railroad work because the induction motor is 
not so satisfactory as the direct current series motor and the 
alternating current series motor is slow in coming into general 
use. 

In all kinds of electrolytic work, transformation must be 
made, and in many cities where the direct current system was 
started, it is still continued for local distribution, but the large 
main stations generating alternating currents and frequently 
located some distance away from the center of distribution have 
replaced a number of small central stations. 

Transformation may be made by any of the following 
methods: 

1. Rotary converters; 

2. Motor generator sets; 

3. *Merciuy vapor rectifiers; 

4. *Electrolytic rectifiers. 

Strictly speaking, a converter is a revolving apparatus for con- 
verting alternating current into direct current or vice versa; it is 
usually called a rotary converter and is to be distinguished from 
the other methods mentioned above. 


’•‘NOTE — Rectifiers are explained in detail m Chapter 71. 
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Broadly, however, a converter may be considered as any 
species of apparatus for changing electrical energy from one form 
into another. 

According to the standardization rules of the A. I. E. E. 
converters may be classified as: 

1. Direct current converters; 

2. Sjmchronous converters; 



Figs. 3,021 and 3,022 — Gramirw nng dynamo and alternator armatures illustrating converter 
operatum. The current generated by the dynamo is assumed to be 100 amperes. Now, 
suppose, an armature similar to fig 3,(^1 to be revolving m a similar field, but let its wind- 
ings be connected at two diametrically opposite points to two slip nngs on the axis, as m 
fig. 3,022. If driven by power, it will generate an alternating current. As the maximum 
voltage between the points that are connected to the slip rmgs will be 100 volts, and the 
virtual vt^ts (as measured by a volt meter) between the rings will be 70.7 ■» 1(X) -i- V 2 , 
if the power apphed in turning this armature is to be 10 kilowatts, and if the circuit be 
non-inductive, the output in virtual amperes will be 10, (XX) -r 70.7 =141 4. If the resist- 
ances of each of the armatures be negligibly small, and if there be no frictional or other 
losses, the power given out by the armature which serves as motor will just suffice to dnve 
the armature which serves as a dynamo If both armatures be mounted on the same shaft 
and placed in equal fields, the combination is a motor dynamo. In actual machines the 
various losses are met by an increase of current to the motor. Since the armatures are 
identical, and as the similarly placed wmdmgs are passed through identical magnetic fields, 
one winding with proper connections to the slip nngs and commutator will do for both. 
In this case only (me fkld is needed, such a machine is called a converter. 


3. Motor converters; 

4. Frequency converters; 

5. Rotary phase converters. 
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A direct current converter converts from a direct current to a direct 
current. 

A synchronous converter (commonly called a rotary converter) con- 
verts from an alternating current to a direct current. 

A motor converter is a combination of an induction motor with a 
synchronous converter, the secondary of the former feeding the arma- 
ture of the latter with current at some frequency other than the impressed 
frequency; that is, it is a synchronous converter in combination with an 
induction motor. 

A frequency converter i^preferably called a frequency changer) converts 


urnlTfr^ 
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Figb. 3,025 and 3,026. — Westinghouae aynchronous converter construction 3. Main 
p)ole showing damper winding and view showing shunt and series coils. The main poles 
are built up of laminated steel punchings to prevent eddy currents in the pole face. The 
face of the pole is punched with partially closed slots which receive the bars that form a 
part of the damper winding. Any pole complete with its windings can be removed without 
disturbing the armature or the remaining pole pieces. The shunt field coils are wound of 
double cotton covered wire and are made in concentric sections which are rigidly bound 
together over spacing blocks, leaving an air duct between them. The coils are given a thor- 
ough impregnation, which treatment removes all possible moisture and air pockets and 
hermetically seals the windings. When the coils are mounted on the pole pieces, heavy 
insulating fullerboard shields protect the sides of the coil from the pole piece. The series 
field coils consist of bare edge wound strap copper with insulating spacers between adjacent 
turns, thereby allowing a free circulation of air around each conductor. The impregnating 
compound, aps^ied to the assembled shunt and series field coils, is the only insulation used 
cwi the series windings. The scries coil is assembled around the shimt coil and securely 
bound to it, but separated on all sides from the shunt winding by spacing blocks. This 
assembly is made before the coils are impregnated and allows them to be handled as a unit. 
The starting and damping windings are made up of copper bars carried in the slots in the 
faces of the main poles, all bars being welded to the end ring segments. These segments 
are bolted t(^ether between poles iacilitating the removal of an individual pole and at 
the same time giving a positive contact. A relatively large number of bars well distributed 
over the pole face is us^ to obtain the best practical starting and damping action. 
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alternating current at one frequency into alternating current of ?inother 
frequency, with or without a change in the number of phases or voltages. 

A rotary phase converter changes alternating current of oiie or more 
phases into alternating current of a different number of phases, but of 
the same frequency. i 

Rotary Converters. — The synchronous or rotary converter 
consists of a synchronous motor and a dynamo combined in one 
machine. It resembles a dynamo with an unusually large 
commutator and an auxiliary set of collector rings. 



Fig. 3,027. — Westinghouse synchronous converter construction 4, Commutating pole 
with winding. The commutating pole field coils are made from edge wound strap copper. 
The coil is insulated from the pole piece by a heavy fullerboard shield which completely 
surrounds the pole piece. Insulating washers are placed between turns, allowing a free 
circulation of air around each conductor. 

Ques. In general, how does a rotary converter operate? 

Ans. On the collector ring side it operates as a synchronous 
motor, while on the commutator side, as a dynamo. 

Its design in certain respects is a compromise between alternating cur- 
rent and direct current practice most noticeably with respect to the number 
of poles and speed. 

Ques. Upon what does the speed depend? 

Ans . Upon the frequency of the alternating current supplied , 
and the number of poles. 
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Fig. 3.028 is a diagram of a nng wound rotary converter. This style 
windi^ is shown to simplify the explanation. In practice drum wound 
armatures are used, the operation, however, is the same. 

With this ample machine the following principles can be 
demonstrated; 

1, If the coil be rotated, alternating currents can be taken 
from the collector rings and it is called an alternator. 



Fig, 3,008. — ^Diagmm of nng wound single phase rotary converter It is a combination of 
a syndtfoooua motor and a dynamo. The wmdmg is connected to the commutators in 
the usual way, and divided into halves by leads connecting segments 180® apart to col- 
lector lines. A bipolar field is shown for simplicity; m practice the field is BBOltipolar and 
energised by direct current 

2. By connecting up the wires from the commutator seg- 
ments, a direct current will flow in the external circuit making 
a dynamo. 

3. Two separate currents can be taken from the armature, 
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one supplying alternating current and the other direct current; 
such a machine is called a double current generator. 

4. If a direct current be sent in the armature coil through 
the commutator, the coil will begin to rotate as in a motor and 
an alternating current can be taken out of the collector rings. 
Such an arrangement is called an inverted rotary converter. 

5. If the machine be brought up to synchronous speed by 
external means and then supplied with alternating current at 



Fig. 3,029. — Diagram of two phase rotary converter. This is identical with the sing^ Sybase 
machine with the exception that another pair of collector rings are added, and connected 
to points on the windmg at ngh^ angles to tl» first, giving four brushes on the alternating 
side for the two phase current. The {xessure will be the same fcM: each phase as m the alng^ 
phase rotary. ^I^glectmg losses, the current for each ittoast will be equal to the direct cur- 
rent X 1 + VS-direa current X. 707. 


the collector rings, then if the direction of the current through 
the armature coil and the pole piece have the proper magnetic 
relation, the coil will continue to rotate in sync^onism with the 
current. A direct current can be taken from the commutator. 
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and when used thus, the machine is called simply a rotary 
converter. 


Ques. What is the relation between the impressed alter 
nating pressure and the direct pressure at the commutator? 


Ans. The ratio between the impressed alternating pressure 




Fig. 3,030. — Weatinghoune synchro^ 
nous converter construction 5. Com- 
pletely wound armature. The armature 
18 of the drum wound type having 
thin sheet steel laminations suppcMted 
in dovetailed grooves on a cast steel 
spider. The laminations are annealed 
and lacquered to reduce the iron loss. 
They are assembled with air ducts for 
ventilation. The front and rear coil 


supports are constructed as to up 

a circulation of air through the front 
and rear eitensione of the armature coils. The armature coils are form wound, du- 
plicate coils. Mica sheets are tightly wrapped around the portion of the coil lying in the 
slots and held by cotton tape. After insulation, the coils are dipped in an insulating com- 
pound and objected to baking. The slots are lined with fish paper to protect the coil in- 
sulation during assembly. The slot portion of the coils is held in place by hard fibre wedges, 
and the coil ends are held firmly against the coil supports by steel banding wires. The 
armature has a number of cross connections to insure electrical balance. 


and the direct current pressiue given out is theoretically con- 
stant, therefore, the direct pressure will always be as 1 to .707 
for single phase converters or if the pressure of the machine 
used above indicate 100 volts at the direct current end, it will 
indicate 70.7 volts at the edtemating current side of the circuit. 
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Q1168. Name two different classes of converter. 

Ans. Single phase and polyphase. 

Ques. What is the advantage of polyphase converters? 

Ans. In the majority of cases two or three phase converters 
are used on account of economy of copper in the transmission 
line. 


N 




Fig 3,031.— Diagram of three phase rotary converter In this type, the winding is tapped 
at three points 120® distant from each other, and leads connected with the corresponding 
commutator segments 


Ques. How is the armature of a polyphase conrerter con* 
nected? 

Ans. Similar to that of an alternator with either delta or 
Y connections. 

Figs. 3,032 to 3,036 show various converter connections between the 
collector rings and commutator. 




TWO PM^SE THREE PH/kSE A 
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Fic«. 3,032 to 3.036.— V artota r o- 
tary cxmverter and tranaCormer 
connections. Fig. 34132 two 
phase connections; fig. 3»033 
three phase delta oannectkxw; 
fig. 3,034 three phase Y or star 
connections; fig. 3,035 tix phaw 
delta connections; fig. 34136 six 
phase Y connections. 
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Fig. 3,032 indicates how the armature is tapped for two phase con^ 
nections. 

Fig. 3,033 shows three phase delta connections, and fig. 3,034 the three 
phase Y or star connections. 

Six phase delta and Y connections are frequently used as shown in fig. 
3,035 and fig. 3,036, both of which require two secondary coils in the trans- 
former, one set of which is reversed, so as to supply the current in the 
proper direction. 

Ques. With respect to the wave, what is the relatioii be- 
tween the direct and alternating pressures? 



Fig. 3,037 . — WeBtinghoime synchronous converter construction <5. FartiMy wound or- 
mature showing commutator. The commutator is made of hard drawn copper bars insulated 
from each other with moulded mica and held in position by V rings on each end. The cast 
steel V rings are insulated from the commutator by moulded mica V rings. A moulded 
mica sleeve also insulates the commutator from its spider. After the commutator is as- 
sembled and seasoned, the mica between bars is undercut affording a contact between 
brushes and commutator and permitting the use of a softer grade of brush. 


Ans. The direct current voltage will be equal to the crest 
of the pressure wave while the alternating voltage will depend 
on the virtual value of the maximum voltage of the wave ac- 
cording to the connections employed. 

In a single phase rotary, the value of the direct pressure is 1 to .707, 
therefore a rotary which must supply 600 volts direct current must be 
supplied by 600 X. 707 =424 volts alternating current. For three phase 
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Figs 3,038 to 3,041 — Phase rotation m synchronous converters Figs 3,038 and 3,039 for 
6 phase machine: figs. 3,040 and 3,041 primary and secondary phase rotation m 3 phase 
diametrical transformers for 6 phase synchronous converter. Synchronous converters are 
always designed to run clockwise viewed from the commutator end, or counter-clockwise 
from the collector end and the phase rotation is 1-2-3-4-5-6. The collector nngs are num- 
bered from the beanng m toward the armature as m fig. 3,038. The phase rotation on the 
high voltage side of the transformers is 1-2-3, as shown in fig. 3,039, which shows the cor- 
respondmg low voltage connections for both 3 phase and 6 phase transformers and for 3 
phase and 6 phase transformers and for three single phase transformers. In the case of 
3 phase, 6 phase transfcsnmcrs, refer to the numbering of the leads, rather than their mechan- 
ical position, as certam forms of 3 phase transformers may have a different mechanical 
arrangement of low voltage leads from the one shown. When the phase rotation of the high 
tension supply is known, this diagram may be followed m making the primary connections; 
if It be not known, make the connections temporanly m the most convenient manner amd 
try them out. In either case, the connections should be tested before any attempt is mad# 
to run the converter on full volti^fe from the a.c. end 
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Figs. 3,042 and 3,043. — Qmverttt ocmnections. Fig. 3,042, three phase 600 volts; fig. 3,043, six phase 600 volts. It is cus- 
tomaiy to grotind ccmverter bases. The ground connection should be heavy enough to safely carry the short circuit current 
Bi case of an armature ground. Do not run single ax. lead? through iron pipe-^two leads oppo&ite m phase, or three leads 
12CF ap^ in phase may he through a nngle pipe, 
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rotanee the ratio is 1 to .612, or in order to produce 600 volts direct cur- 
rent > 0OiX.612=*367 volts on the alternating current side of the rotary 
is reqtonQd. 

Fig. 3,028 shows a complete diagram of the electrical connections. A 
sin^ phase rotary is illustrated so as to simplify the wiring. 

The table of Steinmetz on page 2,038 gives the values of the alter- 
nating vc^ts and amperes in imits of direct current. 

. Qnes. How is the voltage of a rotary varied on the direct 
current side? 


Fig. 3,044 . — Westinghouae aynchronoua converter construction 7 . — Equalizer connec- 
iions and taps to collector ring, 

Ans. Pressure or potential regulators are put in the high 
tension alternating current circuit and may be regulated by 

NOTE . — An ideal method foe controlling the voltage oetween the dx. terminals of a syn 
chronons converter would be to shift the dx. brushes; by so doing the voltage between the 
dx. terminals could be varied from its full value to zero independently of any change of the 
voltage between the ax. terminals of the machine. This method of voltage control is, how- 
ever, impracticable because of the sparking which is produced at the d.c. brushes when they 
are iifted from the neutral axis. To overcome this difficulty Mr. J. L. Woodbridge proposed 
the split pole converter (see iigs. 3.064 to 3,066, page 2,044), in which each field pole is split 
into two (or three) parts. One of these parts is permanently excited, and it produces near its 
edge the fringe of which is necessary for sparkleas reversal. Tlie other portion of each 
field pole is arranged so that its excitation may be increased or decreased at will, thus shifting 
the resultant axis of the field with respect to the dx, brushes. The result is exactly equivalent 
to the afaiftiBg of the dx, brushes in so far as the voltage relatione of the converter are con- 
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small motors operated from the main switchboard or operated 
by hand. 

Ques. What is the advantage of unity power factor for ro- 
tary converters? 

Ans. It prevents overheating when the rotary is delivering 
its full load in watts. 

Ques. What greatly influences the power factor of the 
high tension, line? 

Ans. The strength of the magnetic field. 


Fig. 3 , 045.-^ We»Unohowe ttynchro- 
nous converter construction 8* A. 
C. collector rings. The rings are made of 
a bronze alloy. In the smaller size ma- 
chines, the rings are shrunk on a cast iron 
spider insulated by a mica bushing held 
on by cotton tape and covered with an 
insulating varnish. In the larger ma- 
chines, the rings are bolted to a spider 
by means of insulated bt^ts and wash- 
ers. The brass rods to which the col- 
lector connections are attached are in- 
sulated with micarta tubing and tanked 
into the individual collector rings. 


Ques. Does yariation of the field strength materiaBy aflTect 
the voltage? 

Ans. No. 

Since variatkMi of the field strength does not materially affect the volt- 
age, by adjusting the resistance in series with the magnetic drctdt, the 
streng^ of the field can be changed and the power factor kept 1 or nearly 
1 as different loads are thrown on and off the rotary 
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Figs 3,046 to 3,048 — Transformer connections for interconnected Y and voltage vector dia- 
grams A,B,C, for the {wimary wmdings and N, 1,2,3, for the converter armature. The 
interconnected Y arrangement utilizes for each phase two half windmgs which have a 120® 
phase di£ference This arrangement provides a x^utral pomt for use with three wire, d c 
service and in addiUon elimmates the magnetizing effects produced by unbalanced direct 
currents. In the diagrams, leg Nl, is formed by the upper seconds y winding of A, and 
the lower seccmdary wmdmg of B, ccmsequently its voltage vector is the sum of lx, ^doag 
the line A, and xN, along the line B. Since the radius of the cucle is 2(xN)coe 30® «-l 732 
(xN), and since the voltage ratio for the three i^iase converter to neutral is .354, it follows 
that the alternating voltage on each secondary section for umt direct current voltage is 
.354+1 .732 = .204. 


NOTE — Allia Chalmers synchronous converters are self starting from either the alter- 
natmg or direct current side. The former, however, is the usual practice, the machine bemg 
desigr^ to start as an mduction motor This is accomplished by leadmg the alternating current 
to the o^ector nngs at a reduced voltage. The reaction between the armature currents and the 
current set up in the field structure causes the machine to start up as an induction motor. The 
field structure is provided with special dampmg devices, or amortisseur windmgs, as they are 
scanetimes called, to produce a large starting torque with a relatively small current from the 
line On larger sizes, brush lifting devices are furnished to raise the brushes during the startmg 
period. This device is not necessary for the smaller sizes as excessive sparking is eliminated by 
specially designed commutating poles All machines are designed for startmg without a field 
breakup switch. The switchboard controlling the converter should contain a double pole single 
throw field switch with a discharge clip, usually mounted on the startmg panel, the machine 
being started with this switch closed. If the converter be operated mverted, that is, from direct 
to alternating current, it is started from the direct current tide very much as an ordinary 
direct current motor, and when brought up to the proper speed, as shown by a iiynchroscope 
or synchronizing device of some kind, thrown on the Ime 
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Fig. 3,049. — We»t{nghouB€ ^j/nehron* 
ouB converter conetruetlon 9. D. C. 
brush holder with brush end lifting lug. 
The sliding shunt type is used arrang^ 
with a corrugated isu^; they are bolted 
to the brush holder bractet. Tbirae 
slots in the brush hdder make it pos- 
sible to place the holder at the proper 
distance from the commutator face. 
The spring is so arranged as to make it 
possible to maintain practically uniform 
tension through the entire wearing 
length of the brush. The brush bolder 
spring and spring support are ao located 
as to be protect^ frt^ damage caused 
by any hashing which might occur at 
the commutator. 



Fig. 3 , 050 . — Weatinghouse eynchronoua converter conetruetlon 10, A. C. brush holder. 
They are of the sliding shunt type arranged for mounting on a stud. The siting and tensioii 
adjusting mechanism being .similar to that on the d.c. holder except that a thumb nut 
micrometer adjustment is employed, which gives an accessible and ready means of adjust- 
ment of bnuh pressure. 


NOTE — Compounding pole egnekronoue converters for railway and industrial service 
are normally compound wound and arranged for automatic ocunpounding which is effected by 
the proper combination of series excitation and reactance between the generator and conwttf . 
This reactance is normally included in the transformer but in special cases may be partly m 
the transformer and partly in a separate reactance. It is possible to prodi^ by tbia 
approximatdy constant direct current ventage, provided the voltage drop in the ^ematmg 
current line be not excessive. Usually it is not practicable to over imp ound , s» TO 
amount of reactance is necessary if the voltage drop in the alternating current be appreciable. 
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Fig. 3,061 — Weatinghouse synchronoua converter construction 11, D. C. brush lijltng 
device. It consists of a cast iron brush shifting ring which fits into a recess in the brush 
bender rocker ring and is free to turn. Movement of the brush shifting ring is obtained 
by a shifting lever which provides, by means of the shifting rack and pinion, sufficient 
movement of the brush shifting ring to raise the brushes from the commutator. A right 
angle connector for each brush holder bracket is pivoted to the brush shifting ring, the 
long arm of which is made of hard fibre for means of insulation. The connector head, or 
short arm, is metal and is pivoted to the rock shaft lever. The rock shaft lever is rigidly 
fastened to the rock shaft by a set screw. The rock shaft extends the length of the brush 
iM^der bracket and is supported by brackets bolted to the brush holder arm. The lifting 
rod is steel and parallels the rock shaft the entire length of the brush holder bracket, and 
is rigidly fastened to the rock shaft at each end. Any movement of the shifting lever is 
imparted to the lifting rod which in turn raises the brushes from the commutator. 

NOTE.~-7VMfmenf of commutator and brushes. Converters are frequently shipped 
with the oomoautators freshly ground. This and the initial condition of the brush face do 
not coostitttte a fit condition for carrying loads, and heavy loads must not be pat upon a con- 
verter when first pot in service. This point must be insisted upon, for if the converter be mis- 
used in this reep^, its commutator may reach such a condition as to require turning, and 
a great deal of trouble may be experienced before proper omditkm is obtained. If. on the 
other hand, the following instructions be followed, gixxl results are assured. When the arma- 
ture is received with the commutator potiahed from factory testing, the converter may be loaded 
at once as heavily as the condition of the brush surfaces will permit with good commutation, 
but if the commutator be not polished, the machine should be run litdit for at least 24 hours 
with normal brush pressure, and then an additional 24 hours at approximately half load, in 
order to establish a polish on the commutator surface. The desired surface will ^k>w a very 
high polish by reflected light and will vary :n color from g light straw to a dark brown or even 
a Uue gray, the actual cdlor being of no consequence as long as the bars axe polished uniformly 
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Ques. What is the effect of a field too strong or too weak? 

Ans. If too strong, a leading current is produced, and if too 
weak, the current lags, both of which reduce the power factor 
and are objectionable. 

Usually there is a power factor meter connected up in the main gener- 
ating station and one also in the rotary substation, and it is the duty of 
the attendant at the substation to maintain the proper power factor. 



Fio. 3,052 . — WemtinghouBC Bjfnehronou* 
converter conatruction 12 » D.C, fiask 

barriers. They are standard on all 50 cycle 
and 60 cycle railway convertors. All siaee of 
dx. bnish holders are, however, provided 
with the lug and tapped hole for mounting 
flash barriers where special apphcatione or 
needs demand them on other than railway 
machines. These barriers do not interfere 
with the proper maintenance and uplmsep of 
the dx. brushes and copimutator which is 
important from a practical operating atand- 
point. It is obvious that even the moat effi- 
cient brush holder will not prevent the gen- 
eration of gas under shcx’t circuit conditions. 
Therefore, barriers must be able to contxol 
as well as dispose of the conducting gases. 
The space between the barriers forms an arc 
chute through which generated gases escape, 
causing minimum damage to brush iKddeFBi^ 
brushes, which are the parts usually injured 
by flashing. 


N O I'E . — Continued. 

from edge to edge. Use no lubricant on the commutator either during the polishing period 
or subsequently. Both the carbon and the graphite brushes now furnished on synchnmous 
converters are self-lubricating, and their characteristics are seriously impaired by the use of 
any external lubrication. Self-lubricating carbon brushes may in son» instances leave a black 
deposit on the commutator when first put into service. This deposit stould be wiped off as 
rapidly as it appears by means of a piece of dry canvas or other hard, non-linting material, 
which should be wound around a block an<\ held against the commutator with sufficient pres- 
sure to remove the blackening. While the converter is being run to polirii the oommutator 
and fit the brushes, the end play device should be in operation so that the commutator and 
the ocrillector ;mg8 will be poUahed uniformly. 



2,034 


Converters 


Ques. What is the ordinary range of sizes of rotaries? 

Ans. From 3 kw. to 3,000 kw. 

Ques. What is the general construction of a rotary converter? 

Ans. It is built similar to a dynamo with the addition of 
suitable collector rings connected to the armature windings at 
points having the proper phase relations. 



Fio*. 3.053 and 3,054 . — Alternating current etartlng. Synchronous converters are gen- 
erally star^ from the ax. side like polyphase synchronous motors. The current in the 
armati^ induces a magnetic field in the pole pieces, and as the iron has hysteresis, the 
induced field lags behind the current producing it, thus creating a torque. It is, however 
necessa^ to reduce the voltage at starting in order to prevent a heavy rush of current and 
this 18 done by providing taps on the transformer secondaries. Fig. 3,053 shows the ar- 
rang^nt of taps for starting three phase converters, leads 1, 2 and 3 being the operating 
tenmnals, and leads 1, 4 and 5 those for starting at half voltage. Lead 6 is merely for the 
purp^ of making the three translormers duplicates. Large converters are usually connected 
8« ijiase diametrical, and when started from the ax. side, it is desirable to provide taps 
on the transformers for one-third and two-thirds voltage as shown in fig. 3,054 Leads 
1 to 6. inclusive, are the operating terminals; leads 1, 3, 5, 7, 8, and 9 are for the first step 
and leads 1, 3, 5, 10, 11 and 12 are for the second step. Leads 2, 4 and 6 are for the final 
or f^l voltw step. Leads 1, 3 and 5 are connected directly to the converter and the start- 
mg IS done by two triple pole double throw switches as ^wn. When ax. is used for start- 
ing, the armature winding stands in relation to the field winding, as the primary of a sta- 
tic!^ tr^ormer to the secondary. A large number of turns in the field spools, com- 
pared with the turns m the armature, may produce in the field winding a high induced 
volt^ which should be kept within safe limite. This is done by breaking up the field cir- 
cuit tetween the spools bv me a n s of a mtOx provided for that purpose on the frame of the 
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Fia. 3,055. — Westing- 
house synchronous 
converter construc- 
tion 14. Insulation 
showing cup type 
washers and pedestal 
flash barrier. 


NOTE— r/u? a.c. starting method doe® not require any complicated or expensive ap- 
paratus, the same switches being used for both starting and running connections. Since 
it is self-synchronizing, there is little possibility of confusion by the operator, as the difli^lty 
of accurately adjusting the speed is eliminated and less £ime is required for the starti^. ^ter 
seeing that all the machine switches are open, the high tension oil switch is closed. Then 
the first startmg switch is dosed and the converter should start, running on <^-half or one- 
third of the normal voltage as the case may be. As the speed of the machine increases, a 
volt meter connected across the d.c. side wUl oeallate back and forth and finally come to 
rest in either a positive or a reverse direction, that is, the machine may come up to synchroi- 
iam with cither positive or negative polanty. For this reason, it is customary to xnake the 
field switch double throw and this switch is thrown in the normal position if the volt meter 
indicate positive polanty. If, however, it show that the polarity of the convwtij is revers^, 
the field switch is dosed in the other direction, reversing the current through the field coiu. 
The flux set up by this reversed current in the field coils opposes and overcomes the flux m- 
duced by the a.c. flowing in the armature, causmg the armature to drop in speed until it slips 
a pole and when the pressure at the brushes is brought to zero, there is no field current and 
the pdarity reverses. If the field switch be now opened, the converter will run in synchron- 
ism and the field switch is thrown to its original potion, after which the machine is thrown 
successively on the two-third and the full-voltage teps. When the last switch is dosed, tte 
converter is running on full voltage and is ready lor service after adjusting the shunt field 
rheostat to give proper voltage for the sution bus bars. Three phase machines starting on 
one-half voltage taps with the external reactance coils !n the circuit will take three-foui^ 
to full load primary current and six phase miadiines starting on one third voltage tape with- 
out the reactance coils in the circuit, approximately three-fourths primary current. 
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Staadard rotary converters have been developed for 25 and 60 cycles. 
The standard railway machines are compotmd wound, the series field 
being designed for a compounding of 600 volts at no load and full load 
when supplied from a source of constant pressure with not more than 10- 
percent. resistance drop and with 20 to 30 per cent, reactance in the cir- 
cuit. The large size machines are usually wound for six phase operation. 

Compounding of Rotary Converters. — Compounding is de- 
sirable where the load is variable, such as is the case with inter- 



Fto. 3,056. — W09t(nphou9e gynehronouB conv0rter conmtruction 13. D. C. brush rigging 
The location of the bniah holder cross connecting rings at the outer ends of the brush hcAder 
brackets produces a pronounced tendency toward reducing the effect of a flash over to a min- 
imum by fiux control over the arc paths. Cup type insulating washers behind the dx, 
brush holder brackets give the maximum creepage distance and consequently, the max- 
imum protection against arcmg to ground. This type washer is used on 60 cycle railway 
converters of 1,000 k^w. and larger. Flat washers are used on the smaller machines. 


urban railway systems. The purpose of the compounding is 
to compensate automatically for the drop due to line, trans- 
former and converter impedance. 

On account of the low power factor caused by over ccmipounding, and 
the fact that substations are customarily connected to the trolley at its 
nearest point without feeder resistance, over ccnnpounding n not 
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recommended. An adjustable shunt to the series field is proiided with 

each machine. 

Shunt wound converters are satis- 
factory for substations in large dties 
and similar installations where, due to 
the larger number of car units de- 
manding power, the load is more nearly 
constant. 



Fig. 3,057. — Westinghouse gynchronowa converter conetritction IS, Pedeatal bearing. 
All converters are equipped with bearings which are horizontally split. The lower hatf 
of the l:>earing housing is cast integral with the pedestal. 


NOTE. — End play device and speed limiting switch. In order that the k^uehes may 
not wear grooves in the commutator and collector rings, the armature should have a slight 
reciprocating motion parallel with the shaft. To obtain this motion the larger machines are 
provided with an automatic, magnetic end play device. Current ftn* its operation is obtained 
from the dx. side of the converter. A condenser is connected across the make and break to 
facilitate the opening and clpsing of the circuit. Small machines having comparatively 
armatures are equipped with a mechanical end play device. All synchnmous converters are 
equipped with a device for automatically opening the direct current circuit in case the speed 
become too high. This safety device (or speed limiting switch, as it is generally called) con* 
sists of a switch which is operated by a centrifugal governor. The centrifugal weight is mounted 
on the ^laft and revolves with it, while the switch is stationary and is mounted on the ool- 
tector end pdlow block. This weight is so designed that it operates at practically the same 
speed irrespective of the acceleration. The switch can be adjusted to operate at any prede- 
termined speed. Under normal operating conditknis, the circuit of the low voltage release 
coil on the line circuit breaker is closed, but shmild the speed of the convoler increase to the 
predetermined setting, the switch will open, thus opening the line circuit brealaer. The cur- 
rent carrying parts are all stationary and so constructed that failure to operate k practically 
impossible when properly adjusted. It should be noted that the end play device and speed 
limiting switch are usually mounted at opposite ends of the shaft so that the operation of one 
does not in any way interfere with that of the other. 
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Ratio of Conversion. — The relation between the alternating 
and direct current voltages varies slightly in different machines, 
due to differences in design. The best operating conditions 
exist when the desired direct current voltage is obtained with 
unity power factor at the converter terminals when loaded. 



Fig. Westing house synchronous converter construction 16, Speed limit device, 

Ques. Upon what does the ratio of conversion depend? 

Ans. Upon the number of phases and method of connecting 
the windings. 

NOTE —Adjustment of end play device. After the machine has been broiight up to 
voltage, the end play device should start automatically into operation. If the armature will 
not come forward or back from the end play device it is due to an endwise pull of the field. 
Test the machine by running up to full speed on the a,c, starting tap and pull off the power 
without closing the field circuit. If the machine then oscillate freely in either direction and 
will not oscillate when up to voltage with field closed, trouble is due to pull of field. If this 
field pull, hc^d the armature over against, or near to one of the bearings so that the cml detec- 
tor bumps against it when the armatiure oscillates, the field should be removed slightly in the 
opposite direction to correct it. In making this movement, take care not to disturb the air 
gap by shifting the field to one side or the other. Make reference marks on the feet of the field 
frame and on the base; move one side of the field exactly the same amount as the other, and 
take care to give no lateral movement Then dowel the field in the proper position for the 
best operation of the end play device. 

NOTE.— There is always a certain approximate ratio between the alternating and diract 
current voltage of any given synchronous converter, and the alternating current voltage is 
the smaller of the two. The ratio varies with the number of phases for whidi the converter 
is designed. For a d,c, voltage of 1, the ax. voltage will be single phase, .707; two i^une, 
.707; three phase, .615; six phase double delta. .615; six phase diametrical, .707. 
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For single phase or two phase machines it is 1 to .7; for three phase, 
1 to ,612, or six phase, 1 to .7 or 1 to .613 depending upon the kind of 
connection used for the transformer. 



Fiq«. 3,089 to 3,061. — Westinghouae synchronous converter construction 17. Detail of 
speed Hmit device. That end of the shaft up>on which the device is mounted is turned to a 
smaller diameter than the bearing surface of the shaft. Upon this “turned down" portion 
of the shaft is mounted the centrifugal governor with an adjusting spring which allows it 
to be adiusted to operate at any predetermined speed. The switch contained in a metal 
box attached to the bearing housing, completes an auxiliary circuit through the tripping 
coil of the d,c. breaker, and is held closed or open by a pivot^ latch so arranged that when 
the goremor operates it trips the latch and releases the spring, insuring a quick and positive 
opening or clo^g of the switch. The standard arrangement is for the circuit of the device 
to be normally closed and to trip open, since this arrangement will immediately detect 
any tnmUe in the wiring connections. 


NOTE. — Adjustment of speed limit device. This device is adjusted at the factory 
(Genual Electric practice) to trip at 15% over speed. Check this adjustment before putting 
the converter into service in order to detect any change during shipanent. For this overspeed 
test, the machine may be belted and driven by an auxiliary motor, or it may be run inverted 
as a dx. motor and tHxwght to the required overspeed by weakening the shunt field. In order 
to oontrot the ^)eed of compotmd wound converters operating as motors it will probably be 
found safer to disconnect <x reverse the series field, or shcnt circuit it. since the series field 
opposes the shunt field and t&ids to make the convertet run away Use an accurate speed 
indicator or tachometer, and check it first at the synchronous spe^ of the converter. Open 
the toeed Rmit switch first by hand to test the curuit breaker trip coil and show that the 
breaker opens properly. If the speed limit dcvit* then fail to open tl» breaker at the required 
overspeed, reduce the tension on the spring by turning the nut on the adjusting screw, and 
conversely, if the speed limit operate at too low a speed, increase the tension on the spring. 
Check the final adjustment twice. 
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For example, a two phase rotary receiving alternating current at 426 volts 
will ddiver direct current at 600 volts, while a three phase rotary receiving 
alternating current at 367 volts will deliver direct current at 600 volts 

Ques. What difficulty would be encountered if other ratios 
of conversion than those given above were required? 

Ans. An armature with a single winding could not be used. 

It would be necessary to use a machine with two distinct armature 
windings or else a motor generator set. 

Ques. What change in voltage is necessary between a 
converter and the alternator which furnishes the current? 

Ans. The voltage must be reaucea to the proper value by a 
step down transformer. 

Voltage Regulation. — As the ratio of the alternating to the 
direct current voltage of a converter is practically constant, 
means must be provided to compensate for voltage variation 
due to changes of load in order to maintain the direct current 
pressure constant. 


NOTE . — In thm rotary convartar no lead in either sense need be given to the brushes; 
for the armature reactions of the motor part being, m general, opposed by those in the dynamo 
part, they cancel one another to a large extent. This property is common to all those motor 
generators m which there is used, whether with one wmding or two, a common core m a ccxm- 
mon field. The relaticms between speed and field are peculiar. In the case of those grouped 
machines, or motor-dynamos m which each armature revcrfves m its own field, the Cfmdittons 
differ from those of the converter, where there is only one field. If in either case the ton- 
tinuous-current side is the primary (i.«. motcH:) side, the speed of revolution will depoid on 
the field-magnet, the weakening of which will increase the speed. The frequency of the sec- 
ondary or alternating current will m that case also vary. But the ratio of the primary and 
secondary voltages will be independent of speed if the fields be alike, cmt if only one eommon 
field be used. The secondary voltage cannot be varied, while the primary voltagie is kept 
constant, unless separate fields and separate windings be employed. If, on tte other hand, the 
alternatix^-current side be used as pmnary, th«i the machine, whether motor dynamo or 
converter, runs as synchronous motor with a fixed speed. 
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Figs 3,062 and 3,063 — “Phasing out” a synchronous converter Fig. 3,062 on high tension 
side of the transformers. Raise the a c. brushes and slip a sheet of varnished cambric or 
other insulatmg material between the brush holders and the rings Close the oil circuit 
breakers and close the low tension starting switch on the down or running position. Make 
certain that the full secondary voltage appears at the brushes which bear on the diametrical 
rmga 1-4, 2-5, and 3-6 Then open the startmg switch and put the a c. brushes down on 
the rmgs. The transformer secondaries will then be connected in Y, the stationary con- 
verter armature formmg a low resistance neutral, compared wfth the resistance of the volt- 
meter, and the followmg voltage relations should exist at the switch: The voltages between 
blades and upper, or starting clips, should be the starting voltage, approximately 34 of the 
secondary voltage The voltage between blades and lower, or runnmg clips, should be full 
secondary voltage. Any deviation from these requirements mdicates an mterchange of 
starting and running leads. The voltage between each upper clip and the corresponding 
lower clip should be the difference between the starting voltage and full voltage, or approx- 
imately J4 secondary voltage Any deviatum from this requirement mdicates an inter- 
change of two starting or two nmning leads. The voltage between any two upper clips 
should be about 87 per cent of full secondary voltage and the voltage between any two lower 
chps should be twice this amount, or about times full secondary voltage. Any deviation 
frmn this requirement mdicates a reversed transformer secondary, or that the switch is con- 
nected m consecutive phases instead of alternate phases, as shown. If the voltages at the 
switch be properly symmetrical according to the above tests, the phase rotation must then 
be checked. The method of phasmg out will depend upon the character of the equipment, 
and the available auxiliary appiaratus. When the converter is arranged to start from the 
ax, end, and a separate high tension bus fed by a smgle generator can be used to start the 
converter, a convement method is to start the converter first on the starting taps, and then 
CHI the running taps by reducmg the primary voltage. If a separate bus and generator be not 
available, start the machine on >4 voltage m the ordinary manner, but before throwmg it to 
fun voltage, check the voltages at the starting switch as follows: The voltage between each 
blade and the correspondmg lower clip should be approximately 34 voltage and the voltage 
between any two lower chps should be about 130 per cent of full secondary voltage. When 
the converter is designed to start from the dx. nde or by an mduction motor it must be 
]ri[ia8ed.out by means of lamps <»r volt meters connected around the oil switch as in fig. 3,062 
or around the low tension switches as in fig. 3,063. If possible, the synchroscope should be 
cheidced at the same time by connecting the lamps at the switch it is connected across. Any 
apparatus connected across the open switches should be capable of standmg double Im* 
v^tage. While “phmung out" converters designed to be synchronized at the oil switch, 
make oertam that one phase is not reversed on the secondaries, since a reversed secondary 
phase with delta pHimary is equivalent to a short orcrnt. Sw^ a reversal will make itself 
aiqierent by excessive current when starting with the transformers connected to the con- 
verter, BO that the converter will not come to speed from the direct current end, or in the 
case of mductxm motor starting preventing the budding up of the voltage. Wh^ the ma- 
clnne has reached approximately normal speed and voltage, correct phase rotation will be 
indicated by all the lamps across the od switch growing bright at the same instant, followed 
by a period when they will all be dim at once. Reversed phase rotation wdl be indicated 
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There are several methods of doing this, as by: 

1. Shifting the brushes (objectionable); 

2. Split pole method; 

3. Regulating pole method; 

4. Reactance method; 

5. “Multi-tap” transformer method; 

6. Synchronous regulator. 

Shifting the Brushes. — Were it not for the difficulties en- 
countered, this would be a most convenient method of voltage 
regulation, since by this procedure the direct current voltage 
may be varied from maximum to zero. It is, however, not 
practical because of the excessive sparking produced when the 
brushes are shifted out of the neutral plane. 

Split Pole Method. — In order to overcome the difficulty en- 
countered in shifting the brushes the split pole method was de- 
vised by Woodbridge in which each field pole is split into two 
or three parts. 

The effect of this is the same as shifting the brushes except 
that no sparking results. 

The other part is arranged so that its excitation may be 
varied, thus shifting the resultant plane of the field with re- 
spect to the direct current brushes. 


Flos. 3,062 and 3,063 — Text continued 

by the lamps growing bright in succession In ''phasing out" at the secondary switches, 
the indicatKms of correct and reversed phase rotation are the same, respectively, as when 
“phasing out” on the high side and, in addition, the followmg indications are possible 
If the lamps on two phases fluctuate together, and the third m a different one phase 

18 reversed but the phase rotation of the other two is correct. If the three lamp circuits be- 
come bright m a rapid succession and then pass through an mterval when all are dun, a 
combination of reversed phase rotation, and reversed connections on one phase, is indicated. 
Usually the easiest method of correcting reversed phase rotation is to mterchange two 
lines at the high voltage terminals of the transform^s. 
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One of these parts is permanently excited and it produces 
near its edge the fringe of field necessary for sparkless commu- 
tation. 


Regulating Pole Method. — ^As applied to the rotary con- 
verter regulating poles fulfil the same functions as commutating 
or interpoles (see page 771) on motors and dynamos, that is, 





Figs. 3,064 to 3,066 — Woodbndge split pole 
rotary txmverter. Each pole is split into three 
sections and provided with windings as indi- 
cated m fig. 3,064. When excited as in fig 
3,065 the commutator voltage w at its highest 
value; when excited as m fig. 3,066, the com- 
mutator voltage IS low. The change m com- 
mutator voltage for constant collector ring 
vedtage is in virtue of the property of rotary 
converters that the ratio of theee two voltages 
18 a function of the width of the pede arc 


they insure sparkless commutation from no load to heavy over- 
loads with a fixed brush position. 


NOTE - — In starting six phase converters, on one-third voltage taps without the ex- 
ternal reactance m the circuit, conditions may be found where a startmg resistance must 
be provided to reduce the current rush. With inherent reactance transfcMiners, however, the 
lower limit of startmg voltage is reached and the conditions of startmg will be improved. It 
may be found, however, m some cases of high line reactance and resistance that the voltage 
will drop too low for starting the machine, and if such be the case, it may be possible to start 
on the two-thirda voltage tap using a resistance or reactance coil to reduce the startmg current 
Another arrangement would alco be to provide taps at 40 per cent, from one end and 30 per 
cent from the other end of the transformers, so that cither end could be uae4 for startmg 
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Figs. 3,067 and 3,068. — Allb-Chalmera syn- 
chronous converter brush raising device. 
Fig. 3,067, Ixuahes normal; fig. 3,068, 
brushes raised. 

NOTE . — Another method o/a.c« etart- 
ing is by means of a unall induction motor 
supported on one of the pillow blocks and 
with the rotor mounted on the extended 
synchronous converter shaft just outside 
the bearing. By designing the starting motor 
with less poles than the converter, it will en- 
able the motor to bring the converter up to 
and above synchronous speed. The field 
switch of the converter is then closed with all 
the resistance cut in the field circuit. The 
resistance is then gradually cut out, thus in- 
creasing the iron losses of the converter and 
the corresponding motor torque necessary foe 
dnving it, resulting in a gradual decrease in 
the speed until the synchroscope indicates 
that the converter is in synchronism. The 
ax. main switch is then closed, and the induc- 
tion motor is cut out and left to run free. 

NOTE. — D.C. starting. When starting 
from the direct current end, the collector rings 
of the converter are generally connected to the 
transformers, although tlfia requires con- 
siderably heavier starting current than if the 
connections be interrupted and the ax. end 
of the converter open circuited during start- 
ing. All the switch^ and breakers are assumed 
open on starting. Close the main d.c. circuit 
breaker. Cut the field rheostat all out. Throw 
in the starting switch, cutting out the resist- 
ance slowly, so that tte machine is running on 
full ventage in one minute or less. Raise the 
speed to normal by means of the main field 
rheostat . Regulate the voltage of the a x . side 
to the same value as the line voltage by means 
of the ox. booster or induction regulator. Syn- 
"“chronize around the high tension oil switch by 
means of field rheostat, bolding the volt^e of 
the ox. side steady. Close the high tenakm oil 
switch. Raise the dx. load by means of the 
synchronous booster or the Auction regu- 
lator, maintaining unity power factor at all 
loads by means oi the field rheostat. The wder of operations in shutting down a cemverter 
arranged to start from the dx . end is as follows: Drop the load as far as possible by mcansof the 
booster or the induction regulator. Open the direct current circuit breako:. Tum^booi^ 
rheostat or the induction regulator to the maximum buck position. Open the hii^i tension 
oil switch. When a converter is designed to operate on a 3-wire distribution system and the 
neutral for the system is obtained by connecting the middle points of the diametrical trans- 
formers, the transformer neutral must be disconnected from the main neutral bus while starting 
direct current, but the neutral points of the individual transformers may be left ooimected 1^ 
gather. In starting this type of converter from the ox. end, it is necessmy not only to dis- 
oonnect tha txan^cxiners fir^ the neutral bus, but to disconnect the iiKlividuaJi trtmsformef 
neutrals from each other. 
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Fig. 3,069. — Allis-Chalmers synchronous converter field yoke with poles and windings. 


NOTE . — Synchronous converters in parallel. If several synchronous converters are to 
suptrfy the same d.c. system, they can be connected in parallel in the same manner as shunt 
or compound wound generators, and they are even frequently operated in parallel with such 
generators and storage batteries. The different converters will divide the load according 
to their d.c. voltages, and these can be regulated by changing the applied alternating voltage. 
It is evidently necessary that all of the machines operating in parallel should have the same 
voltage regulation from no load to full load, and if a battery be also operated in parallel the 
voltage drop should be sufficiently large so as to cause the battery to take excessive loads. 
If no battery be used, it will, however, be more economical to have the machines designed 
for a less ventage drop. Synchronous converters operated in parallel should not be connected 
to the same transformer secondaries. Such a connection would form a closed local circuit in 
which heavy cross currents would flow, where any difference in the operating conditions of the 
marine occurs, as for example if the tMTUshes of one of the machines were slightly displaced 
relative to the other. Compound woimd converters for parallel operation should be provided 
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The regulating poles are used in order to vary the ratio between the 
alternating current collector nngs and the direct current side wthout the 
use of auxiliary apparatus such as induction regulators or dial switches 
which involve complicated connections and many additional wires. The 
regulating poles are arranged with suitable connection so that the cur- 
rent through them can be raised, lowered or reversed. 

The characteristics of the reflating pole converter being novel, a de- 
tailed explanation of the principles involved is given to facilitate a clear 
understanding of its operation. 



Fig 3,070.— Diagram of field of regulating pole converter illubtratmg prmciples explained m 
the accompanying text. 


NOTE— 

with equalizer switches. For connecting a compound wound converter in parallel with chic 
already running, the equalizer switch is closed first, so as to energize the series field finom the 
running machine. Next, the shunt field circuit is closed and the field adjust^ so that ^ 
voltage will correspond to that of the first machme and finally the mam switch is closed . 
load can then be transferred from the first to the second converter by weakening the shunt field 
of the former and strengthening that of the latter. If, for some reason, as for c^xample, a short 
circuit, the a c. ventage should drop considerably the synchronous converters operating on the 
system would not drop out of step, as the direct voltage and load would te coiiifcspoodmgiy 
reduced. If other dynamos or storage batteries, however, were operating in parallel on 
same system, these would tend to mamtam the direct volta^, and m such a case the vron m 
reverse and flow toward the converters runnmg them as motors. Care should thwefore in 
rases be taken that the synchronous converters be provided with proper speed lixmting de- 
uces and reverse current circuit breakers. 

NOTE . — Two SO0 volt converters operatmg m parallel cm the tf.c. and in eervsB on Use 
dx. Side* givmg 1,200 volts, are generally started one at a tim e from the ox. side. Whw 
both have been taught up to speed and ocwTected for the n^t polarity, they are connec ted 
in senes; then the field is adjust^ for the proper vintage and they are ready to be thrown on 
the direct cunent system 
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Then with each regulating pole ex- 
cited to the same density as the 
main poles, and with pc^arity corre- 
sponding to that of the main pole in 
the same section between brushes, 
the direct current pressure will rise 
to 300 volts at the same speed, since 
the total flux cutting the inductors 
in one direction between brushes has 
been increased 20 per cent. 

If, on the other hand, the excita- 
tion of the regulating poles be re- 
versed and increased to the same 
density as that of the main poles, 
the direct current pressure will fall 
to 200 volts, since in tl;us case the 
regulating poles give a reverse pres- 
sure, that is, a pressure opposing 
that generated by the main poles. 

Now, if the machine be equipped 
with collector rings, that is, if it be a 
converter, this method of varying 
the direct current voltage from 200 
to 300 volts does not give nearly as 
great a variation of the alternating 
current voltage; in fact, the latter 
voltage will be the same when deliv- 
ering 200 volts as when delivering 
300 volts direct cmrent pressure, if 
the field excitation be the same. 

This may be seen by reference to 
fig. 3,073, which is a diagram of the 
alternating current voltage devel- 
oped in the armature windings by 
the two sets of poles. 

The horizontal line OA, represents 
the alternating current vdtage gen- 
erated by the main poles, alone, 
with the regulating poles unexcited, 
that is, when delivering 260 volts 
direct current pressure. 
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For a six phase converter OA measures about 180 volts diametrically, 
that is, between electrically opposite collector nngs. 

If now the regulating poles be excited to full strength, to bnng the 
direct current pressure up to 300 volts, the alternating current voltage 
generated by the regulating poles will be 90 degrees out of phase with 
that generated by the mam poles (since they are placed midway between 
the main poles), and will be about 40 volts as shown by the line AB. 

The resultant alternating current volts across the collector nngs will be 
represented by the line OB, with a value equal to 184. 


Again, if the regulating poles be reversed at full strength, to cut the 
direct current pressure down to 200 volts, the alternating current voltage 

B 



of the mam and regulating poles will be OA and AC, respectively, giving 
the r^ultant OC, equal to OB, with a value of 184 volts. Accordingly, 
the direct current pressure may be either 200 or 300 volts with the same 
alternating current pressure, and if the main field be kept constant, the 
direct current pressure may range between 200 or 300 volts, while the 
alternating current pressure varies only between 180 and 184 volts. 

The alternating current pressure can be kept constant through the full 
range of direct current voltage by changing the main field so as always to 
give an equal and opposite flux change to that of the regulating field. 
A constant total flux may thus be obtamed equal to the radius of the arc 
BC, fig. 3,073. In this case the line OA, representing the main field 
strength, will equal OB, when the regulating field is not excited, and 25(1 
volts can only be obtained at this adjustment 
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This method of operation gives unity power factor with a constant im- 
pressed pressure of 184 volts alternating current with a range of direct cur- 
rent voltage from 200 to 300 volts. 

Ques. Where should the regulating poles be located for 
best results? 

Ans. A better construction is obtained by placing them 
closer to the corresponding main pole, as in fig. 3,074, than 
when spaced midway between the main poles as in fig. 3,070. 



Fig. 3,074 — Diagram illustrating placement of regulating poles In practice machines are 
not built as indicated diagrammatically in fig 3,070, that is, with regulatmg poles spaced 
midway between the mmn poles, because a better construction is obtained by placmg the 
regulatmg pole closer to the correspondmg main pole, as shown above- 


Ques. When the regulating poles are spaced as in fig. 3,074, 
ivhat is the effect on the direct current voltage? 

Ans. The effect is the same as for the midway position (fig. 
3,070) except for magnetic leakage from the main poles to the 
regulating poles when the latter is opposed to the fcffmer, that 
is, when the direct current voltage is being depressed. 





Figs. 3,075 and 3.076. — Diagrams illustrating the effect on the alternating current voltaiee 
due to varymg the regulatmg field strength (of a machine proportioned accordmg to^ 
3,074), from a density equal to that m the mam poles to the same density reversed the 
mam field strength remammg constant. The D. C. voltage in this case varies from 30 
per cent, above that produced by the mam field alone to 30 per cent, below, or from 325 
to 175 volts, while the A. C. voltage varies only from 200 to 175 volts. To keep the A C 
voltage constant with such a machme the mam field must be strengthened as the regulating 
field is weakened or reversed to reduce the D. C. voltage. This strengthenmg mcreasw 
the core loss particularly on low direct current voltages, which however, are rarely re- 
qu^d, hence a machme proporUoned as m fig. 3,074, would not be operated through so 
wide a range as 175 to 325 volts Assume that the range is 240 to 300 volts, and that at 
the highest voltage, both mam and regulatmg fields have the same density, presenting to 
the armature practically one continuous pole face of uniform flux intensity. The diamm 
of A. C. component voltages to give constant A C. resultant voltage across the rings for 
the case, is shown in fig. 3,076. At 300 volts D. C , the mam field produces an A C vtdt 
age OA, ^ the regulatmg field, a voltage AB, with a resultant OB, equal to about 200 
>^t8 A. C. At 270 volts D. C., the mam field produces an A. C. voltage OA, and a reg- 
ulating field voltage AB, givmg a resultant A. C. voltage OB. equal to 200 volts. Sim- 
My. at 240 volts D. C , the mam field produces an A. C. voltage OA. and the regulating 
. tevwsed) ^oduces the reverse voltage AB^ givmg the resultant OB agam equal 

^ note^hat. theoretically, the mam field strength must be incre^ 
^bout 15% above Its value at ^X) volts D. C. morder tokeep the D. C. volfr^ at 250 vtrfts. 
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Ques. What is the effect on the alternating current voltage? 

Ans. It is somewhat altered as explained in figs. 3,075 and 
3,076. 

Reactance Method. — This consists in inserting inductance 
in the supply circuit and running the load current through a 



Fig. 3,077. — CoUectxw end of Allis-Clvalmers 200 kw., 1,200 r,p.m.^ sytKrhrooous converter. 

few turns aroxmd the field cores. This method is sometimes 
called compounding, and as it is automatic, it is generally used 
where there is a rapidly fluctuating load. 

If a lagging current be passed through an inductance, the ooUector ring 
voltage will be lowered, but will be raised in case of a leading current. 
The degree of excitation governs the change in the phase of the current 
to the converter, the excitation, in turn, being r^uhted by the load ciirrent. 
Accordingly with series inductance, the effect of the series caOs on the field 




Fig. 3,078. — Westinghouse 8,000 ampere, 60 cycle, booster converter. A booster converter 
consists of a shunt wound synchronous converter in combination with an alternator mounted 
on the same shaft with the converter and having the same number of poles. By varying 
the field excitation of the alternator, the alternating current voltage impressed on the con- 
verter armature can be increased or decreased as desired. The direct voltage delivered by 
the converter is thereby varied accordingly. The synchronous booster converter is simply 
a combination of two well known and thoroughly tried pieces of electrical apparatus. 


NOTE . — Application of synchronous booster converters. They are adapted to any 
application for which a relatively wide variation, either automatic or non-automatic in direct 
current voltage is necessary. They are particularly desirable for serving lighting systems where 
considerable voltage variation is required for the compensation of drop in long feeders, or for 
electrolytic work where extreme variations in voltage are required by changes in the resistance 
of the electrolytic cells. 


NOTE . — Three wire service. No extra apparatus is necessary to adapt synchronous 
booster converters for three wire d.c. service. This is taken care of in the converter by a 
special arrangement of the commutating pole field coils. The neutral wire is taken from the 
neutral point in the windings of the transformers with which the machine operates. 
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of the converter is quite similar to that of the compounding of the ordinary 
railway dynamo. 

Multi-tap Transformer Method. — The employment of a 
variable ratio step down transformer for voltage regulation is 
a non-automatic method of control and, accordingly, is not 
desirable except in cases where the load is fairly constant over 
considerable periods of time . It requires no special explanation . 



Img. 3,079.— ^General Electric commutator of 750/1,500 volt converter showing radial type 
brush rigging and barrier partially removed for inspection. In construction, each 
group of brushes is enclosed by covers and insulation, thus preventing possibility 
of burning the springs, shunts or other parts. The attachment for supporting the brushes 
is at a radial point near the inner end of the commutator where an arc is least likely to form. 
Each barrier consists of several members or scoops, each of which is made up of a rectangular 
plane surface of fire proof insulating material set at an acute angle to the commutator sur- 
face, parallel with the commutator segments. This device deflects and cools the series of 
arcs between the segments on the commutator at the time of flashing and thus prevents 
the arc being carried to the stud of opposite polarity. Each barrier is supported at three 
points and easily adjusted for proper nxnning clearance. It can also be readily removed 
for cleaning and inspection. 

Synchronous Booster Method. — This consists of combining 
with the converter a revolving armature alternator having the 
same number of poles. 

Ques. How is the winding of the booster alternator arnw- 
ture connected? 
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Ans. It is connected in series with the input circuits on the 


converter. 

Ques. How* are the field windings connected? 

Ans. They are either fed with current regulated by means 



Pia. 3,OeO^~<5eneral Electric radial unit type rigging with flash barriers 300 kM. 750/1, 6(KJ 
volt, 60 cyde synchronous converters. 


of a motOT operated field circuit rheostat, or joined in senes 
with the commutator leads of the converter. 

Ones. For what service is the synchronous booeter method 
derirable? 
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Ans. Fear any application where a relatively wide variation 
in direct current voltage is necessary. 

It is particularly desirable for serving incandescent lighting sjretems 
where considerable voltage variation is required for the compensation of 
drop in long feeders, for operation in parallel with storage batteries and 
for electrol3rtic work where extreme variations in voltage are required by 
changes in the resistance of the electrolytic cells. 


t oo AMPERES 0UT5IDE MAIN 



Fig. 3,081 — Ekwibte current generator When the synchronous converter is driven by an 
engine and used to deliver both ax and d c , it is called a double current generator. Such 
a machme can be used to deliver dx. to a 3 wire distiibuting system. The two coils C and 
C\ represent the two similar coils of a transformer so wound that the pomt g, is as it were, 
the middle of one continuous winding, the terminals h and #, are connected to the two ax. 
bru^ies c and d, of the machine. The terminals h and c, are at the same voltage as the 
points / and e, of the armature winding respectively. Half of the in&>wing conent ii) the 
middle mam flows through coil C', to the pomt /, and coil C, and it causes the other half 
of the current m the middle mam to flow through coil C, to the point e. The current which 
enters the armature at the pennt e, enters at a "level’” such that the voltage indiy f»d in the 
rotating armature betw^n e and a, is sufficient to carry the current up from s to a, and 
the current which enters the armature at the point /, enters at a "level”* such that the volt- 
age induced m the rotating armature between / and a, is sufficient to carry this cunent up 
from / to a. 
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Converter Troubles 

Commutator Heating , — Generally due to improper brush pressure, poor commutation, bearing 
prolonged overload, faulty conditions of commutator sxirface. Allowable temperature is higher than 
can be endured by hand. 
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Armature Heating, — Short circuits, or improper connections, of the 
armature winding cause heating in a particular spot on the armature. 
Go over the end clips on both ends of the armature and see that they are 
not bent together and short-circuited. Make certain that the collector 
taps come out at equally spaced points, and that the equalizers are sym- 
metncally connected. In some machines the relation of the equalizers to 
the collector taps vanes, repeating itself at regular intervals around the 
armature. Continued operation at heavy loads and low power factor 
produces excessive heating of the tap coils, and will be apparent at equally 
spaced points on the armature. Change the pnmary tap connections on 
the transformer so that better power factor will be obtained at the required 
voltage, or if possible change the primary voltage at the generating station. 
General heating of the whole armature is caused by unequal air gap, a 
grounded shunt field spool, one or more reversed spools, or a break in 
the field circmt. These troubles cause large circulating currents in the 
armature winding, and through the equalizers. The air gaps should not 
vary over 12 per cent, either way from the average value. Check the 
connections with the connection diagram, and check the polarity by separ- 
ately exating the field and holding two iron rods against adjacent pole 
tips all the way around. The free ends of the rods should attract each 
other. With a steady current flowing through the field, take the drop on 
each spool separately with a volt meter. A variation of over 9 per cent, 
in the drop indicates a faulty spool. 

Shunt Field Heating, — Faulty spools or improper connections which 
cause armature heating may also cause heating of the shunt field. The 
trouble should be located by the above outlined procedure. 

Heating of Contacts, — Bolted contacts may heat if the contact sur- 
faces be not clean, smooth and bolted together with sufficient pressure. 
Particular care must be taken with the contacts of connecting strips for 
pole piece bridges on machines which start frc«n the alternating current 
end in order to prevent exce^ve heating during starting. 

Poor Commutation, — When the d.c. brushes spark, the mechanical 
condition of the converter should fimt be gone over carefully. If the 
brushes chatter, the commutatcw should be stoned or ground, and if they 
move up and down in the holders perceptibly, it must be turned before 
grinding. A rough commutator may cause vibration in the entire brush 
ngging, but vibration may also result from loose assembly of the rigging 
or poor set up of the machine, with insufficient support imder the points 
where the weight rests on the base. 

Flash Overs, — ^Arcing or ‘‘flashing over*' at the d.c. brushes may be 
caused bv excessive overloads or short circuits on the d,c, system, or by 
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Pto. 3,066.— <5ener*l ^ectric 300 hM, fl^ncbnxiouiB oonvirter for mining earvke. 27B v«lt8. dx. compound wound; 60 cycles 
2,300 volts ax. 
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disturbances on the a,c. supply system due to lighting, switching, or acci- 
dents to other apparatus. Protection against short circuits on the d.c, 
system can be obtained by increasing the resistance of the feeder to the 
distribution point where the trouble is most frequent. Short feeders should 
be avoided, particularly in railway work. Set the main circuit breakers 
at about three times full load and the feeder breakers as low as possible for 
continuous operation. A.c, disturbances should be located, and reduced 
to a minimum. The oil switch should be adjusted to trip instantaneously 
so that in case of a flash-over the machine will clear itself quickly, and 
the damage to it will be reduced as much as possible. 

Sparking of A.C. Brushes , — The a.c, brushes should not be allowed 
to spark, as they wear away rapidly when sparking. Make certain that 
the brushes move freely in the holders, and that the pig tails are not caught 
on the spnngs or on the sides of the brush holders. See that each brush is 
running at the projjer pressure. If the collector rings be very rough they 
must be ground or turned. 

The synchronous booster method is particularly desirable for serving 
incandescent lighting systems where considerable voltage variation is re- 
quired for the compensation of drop in long feeders for operation in parallel 
with storage batteries and for electrolytic work where extreme variations 
in voltage are required by changes in the resistance of the electrolytic 
cells. 


TEST QUESTIONS 

1 . What is a converter? 

2. Mention four methods of changing a.c. to d.c. 

3. Give classification of converters. 

4. Define: 1, d.c. converter; 2, synchronous converter; 

3, motor converter; 4, frequency changer; 5, rotary 
phase converter. 

5 . In general how does a rotary converter operate? 

6 . V pon what does the speed of a rotary converter depend ? 

7. State the principles of rotary converters. 
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8. What is the relation between the impressed alternat- 

ing pressure and the direct pressure at the com- 
mutator 

9 . What is the advantage of polyphase converters 

10 How is the armature of a polyphase converter con- 
nected? 

1 1 . With respect to the wave, what is the relation between 
the direct and alternating pressures’’ 

12 In a single phase rotary what is the value of the 

direct pressure’’ 

13 How is the voltage of a rotary varied on the d.c. side? 

14. What is the advantage of unity power factor for ro- 

tary converters’’ 

15. What greatly influences the power factor of the high 

tension line’’ 

16. Does variation of the field strength materially affect 

the voltage’’ 

17. What is the effect of a field too strong or too weak? 

18. What is the ordinary range of sizes of rotaries’’ 

19. What is the general construction of a rotary con- 

verter’’ 

20. When is the compounding of rotary converters de- 

sirable ’’ 

21 . Upon what does the ratio of converters depend? 

22. What change in voltage is necessary between a con- 

verter and the alternator which furnishes the cur- 
rent? 

23. Mention several methods of voltage regulation. 
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24 . Describe: 1, brush shifting; 2, split pole; 3, regu- 
IcUing pole; 4, reactance; 5, multi-tap trans- 
former; 6, synchronous methods of voltage regula- 
tion. 

25 Where should regulating poles be located for best re- 
sults? 

26 . How IS the winding of a booster alternator con- 

nected ’ 

27 . Describe the methods of starting converters. 

28 . How are synchronous converters run in parallel’’ 

29. Describe the “phasing out" of a synchronous con- 

verter 

30 Mention a number of converter troubles and their 
remedies 
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CHAPTER 65 

Motor Generator Sets 


The combination of a motor and a dynamo or alternator is 
used in preference to rotary converters when it is desirable that 
the generating element be independent of the a.c. line voltage 
so that any degree of voltage regulation can be obtained. The 
following combinations of motor generators are made and used 
to suit local conditions: 


Synchronous motor 

Induction motor 

Direct current motor. . 
Direct current motor. . 
Synchronous motor. . 
Induction motor. . . . 


.dynamo 

.dynamo 

.dynamo 

.alternator 

.ziltemator 

.alternator 


An advantage of motor generator sets over converters on high frequency 
circuits, is that the generator can be designed with a few poles and brushes 
set far apart, which greatly reduces the chance of flashing over in hunting. 


Standard practice has adopted high tension alternating cur- 
rent for transmission systems, but direct current distribution 
is very frequently used. This is particularly true where alter- 
nating current apparatus has b^ introduced in old direct 
current lighting systems. 
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The synchronous motor or the induction motor connected to a gen- 
erator stands next in importance to the rotary converter because it is easy 
to operate and the pressure may be changed by a rheostat placed in the 
field circuit of the generator. 

The line wires carrying full voltage can usually be connected direct to 
the motor and thus do away with the necessary step-down transformer re- 
quired by the rotary. 



Fig. 3,087. — Westinghouse 500 kw., 1,200 r.p.m., 250 volt dx. 3 phase, 60 cycle, 2,200 volt 
ax. motor generator. Standard synchronous motor generators consist of a self-starting, 
rotating field, synchronous motor mounted on a common bed-plate and shaft with a </.c. 
generator. Direct connected exciter for 125 volts is included where required, although 
the motor fields can be wound for 250 volts, if desired . The motor generators below 100 kw. 
have three bracket bearings, while those of larger capacity are equipped with pedestal 
bearings. 

Ones. What is the behavior of a rotary converter when 
anntuig? 


Ans. It is liable to flash over at the direct ciirrent brushes, 
which is common in high frequency converters where there are 
a great number of poles and the brushes are necessarily spaced 
close together aroimd the commutator. 
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Fig. 3,088. — Westinghouse synchronous motor generator rotating part. The rotor consists 
of the motor rotating field and generator armature mounted on a common shaft, the shaft 
being arranged for two or three bearings, according to the construction used. The syn- 
chronous motor field is equipped with a damper winding which renders the motor stable 
in operation and readily self starting when a reduced voltage is applied to the stationary 
armature. While the starting kva. required is dependent on the resistance of the cage wind- 
ing, and all motors start with a very reasonable kva., the resistance of this winding is not 
increased to a pioint where the stability will be impaired. A low starting kva. is desirable, 
but the starting conditions are not allowed to affect the design so as to impair good oper- 
ating stability. The generator armature is of the standard drum type with either a series 
or multiple winding, depending upon the size. The multiple wound armatures are cross 
connected by connections in the rear joining points of equal voltage. 
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Ques. Is this fault so pronounced with motor generator 
sets? 

Ans. The motor generator operating on a high frequency 
circuit, the generator can be designed with a few poles and the 
brushes set far apart which will greatly reduce the chance of 
flashing over. 



Pig. 3,090. — Wcatii^houae synchroncms motor generator stattx', cx>mi^te, showing compen> 
sating wiziding. 

A synchronous motor will drive a generator at a cxwistant speed during 
changes of load on it, and by having a field regulating resistance it can be 
used to improve the power factor of the system. 

When an induction motor is used its speed drops off slowly ai the load 
comes on the generator, and it is necessary to regulate the voltage of the 
generator by means of a field rheostat, or compound wound machines 

may be used. 
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While an induction motor requires no separate exdtatiaa of the field 
magnets like the synchronous motor, its effect on the power factor of the 
system is undesirable. 

Although it is seldom necessary to convert direct current to alternat- 
ing, such an arrangement of a direct current motor driving an alternator 
is often justified in place of an inverted rotary converter, as in this case 
alternating current voltage can be changed independent of the direct 
current voltage. 

The racing of an inverted rotary under a heavy inductive load or short 
circuit does not take place in motor generator set mentioned above. 



Fia. 3,091. — Crtxrker Wheeler 3 kw. 172 T.p,m. induction motor dynamo set. 

FrequeDcy Changing Sets. — frequency of 25 cycles gen- 
erally used on railway work and in large cities using the Edison 
three wire system, and as a 25 cycle current is not desirable 
for electric lighting it is necessary to change it to 60 cycles by 
r p pq na of a frequency changer for distribution in ttie outlying 
districts. 

The two machines in this combination are of the same oonstmction, 
only the syiKhronous motor would have eight poles and have the 25 cyde 
current passing through it, while the generator would have 20 poles and 
produce 62J4 cycles per second at 300 revolutions per numile. By sup- 
plying the motor with 24 cycles, the generator would produce 60 cydes. 
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Frequency Calculation. — The frequency obtained at the slip 
rings will depend on the speed of rotation, the number of poles 
for which the changer is wound and the frequency of the supply 
circuit. The old formula holds 



Fig. 3,092. — General Electric induction frequency changer direct connected to induction motor. 
The induction type frequency changer renders it possible to secure power at various frequen- 
cies above those usually provided by commercial circuits. The machine and control are 
neither expensive nor complicated. The induction type frequency changer consists mechan- 
ically of standard slip ring induction motor parts both stator and rotor; the only change nec- 
essary is to provide a suitable winding which will insure balanced current and vdtage, which 
is an essential for successful induction motor operation. Standard voltagjes for given fre- 
quencies have been adopted after long and careful consideration. Interchange of frequency 
changers, motors and control is seriously affected by depjarture from standards. The fre- 
quency changer may be belted or directly driven from a motor, line shaft; in either case the 
stator must be excit^ from an a .c . source of polyphase energy . Ordinarily the rotor is driven 
in a directk>n opposite to that which the machine would tend to run as a motor; in this way 
frequencies are generated in the rotor equal to that of the excitation circuit plus the frequency 
due to the reversed rotation of the rotor. 


N = 


vx P 
T.p.m. X — 


60 


4-line frequency 
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or excitation frequency. 

N = slip ring frequency 

P= number of poles 

r.p.m — revolutions per minute of rotor 

Example. — ^Assume 60 cycle excitation and a 6 pole machine 
at 1,200 r.p.m. then 


1,200X- 

— ^ +60 = 120 cycles. 

60 



Fig. 3,093. — Allis Chalmers 55 h.p, motor driving two 17M k.w., 250 volt, 1200 r.p.m. gen- 
erators. ' 

Similarly if the speed were 1,800 r.p.m. the result would be 90 
cycles plus the excitation frequency or 150 cycles at the slip 
rings. 

The maximum speed for standard frequency changers is 2,200 r.p.m. 
When frequencies are required which would demand higher speeds for any 
particular machine, it will be necessary to select a frequency changer, 
having a greater number of poles, with a correspondingly lower t^ic sp^ . 

Frequency changers may be wound for excitation for either 2 or 3 phase 
circuits. It is necessary to specify the voltage, frequency and number of 
phases of the circuit from which the frequency changer is to be excited, a 
winding being suitable for one voltage and frequency only. 

The high frequency circuit is always three phase, the voltage depending 
upon the frequency at which the machine is operating. 

Machines are wound in two series, the first series being from 100 to 
199 cvcles, the second being from 200 and upward. Both are rated from 
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a basis wbidi for the first series is 225 volts at 120 cycles, the second being 
114 votts at 200 cycles. 

A means of checking connections when first setting up a machine, is 
to read the slip ring voltage with the machine running at ncMnial speed; 
if it differ seriously from the tabulated value for the speed, interchange 
a pair of stator leads and again read the voltage which should now be 
correct, that is about 15 per cent above rated voltage if the excitation 
voltage be noraial. 

Standard machines are designed to give about 15 per cent regulation 
at 80 per cent power factor. 



3,094. — AlUa Chalmers 600 volt motor driving 120 volt, 100 kw. series booster. If the 
ventage of « feeder is to be raised or a higher voltage is wanted to charge a storage battery 

a booster is mefal. 


The power input to the stator from the commercial lines Sor an induo 
tion frequency changer at full load is approximately equal to the kilowatt 
rating of the machine at the frequency of the commercial circuit plus the 
excitation losses of approximately 10 per cent. For example^ assume a 
20 kw^ machine first series (rated 120 cycle)) delivering power at 120 cycles 
and excited from a 60 cycle supply. This machine will require 10 kut. 
electrical input, for example: 

120 cycles : 60 cycles :: 20 kw, : X, 

from wiiidi 

X»10Aju;. 

The cMerence between the electrical input of 10 kw. and the total 
capacity must be provided mechanically to the rotor, therefore 10 kw. 
mechracal energy is required. 
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ParaUd Operation of Frequency Changers. — It is very diffi- 
cult to ccMietruct two or more frequency changers and jean them 
to synchronous motors so that the current wave of one machine 
will be in phase with the other, since the speed of the motor 
will depeiKi on the frequency of the line and be independent 
of the load thrown on it. 



t^io. 3,O05.~-Cencral Electric typical connections of frequency changer aet Bx h ictkMi motor 
driven dsowing high speed motors on high frequency circuit. 
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When alternators are run in parallel, if one machine lag behind, the other 
carries most of the load with the result that the lightly loaded machine will 
speed up and get in step with the other, or in other words a synchronizing 
current will flow between the two alternators and tend to keep them in 
proper relation with respect to phase and load. 


Cascade Converter. — This piece of apparatus was introduced 
by Arnold and La Cour. Briefly, it consists of a combination 



Fig. 3,096. — Allis Chalmers rotx>r erf 1200 kva., 300 r.p.m. frequency changing set, showing fans 
for ventilation and arrangement of dampers used to facilitate starting and to insure parallel 
operation without hunting. 


of an induction motor having a wound armature and a dynamo, 
the armatures being placed on the same shaft. 

The windings are joined in cascade, that is, in series with those of the 
armature of the induction motor. The line supplies three phase currents 
at high voltage direct to the field of the induction motor and drives it, 
generating in it currents at a lower voltage depending on the ratio of the 
windings. 

Part of the current thus generated in the armature passes into the arma- 
ture of the dynamo and is converted by the commutator into direct current 
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as in a rotary converter, but is also increased by the current induced in 
the winding of the dynamo armature. 


Ques. At what speed does the machine run? 

Ans. Assuming equal numbers of pole, the armatures rotate 
at a speed corresponding to one half the circuit frequency. 


Thus if the motor have six poles and the frequency be 56, the lotary 
field revolves at 50 X 60 ^ 3 = 1,000 r p m y and the motor will revolve at 
one-half that speed or 1,000 —2 = 500 r p m. 



Fig. 3,097 — Diagram of “Cascade” motor generator set or motor converter, as it is called in 
England where it is used extensively for electric railway work In the diagram of motor 
armature wmdmg, some of the connections are omitted for simplicity. The windmga are 
Y connected, and as they are fed by wires joined to the slip nngs at the right and center, 
the rest of the power piasses to the converter windings back to rotor wmdmg and out to the 
slip rings 80 that piart of the power enters the rotor and part through the converter. 


Since the connections are so arranged that these currents tend to set 
up in the armature a revolving field, rotating at half speed in a sense op- 
posite to that in which the shaft is rotating at hatf it follows that 

by the superposition of this revolving field upon tt« revolutions of the 
machine, the magnetic effect is equivalent to a rotation of the armature at 
whole speed, so that it operates in synchronism, as does the armature of 
a rotary converter. 
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Half the electric input into the motor part is, therefore, turned into 
mechanical energy to drive the shaft, the other half acta inductively wi 
the armature winding, generating currents therein. 

As to the dynamo part it is half generator, receiving mechanical power 
by transmisskm along the shaft to furnish half its output, and it is half 
converter, turning the currents received from the armature into direct 
current ddivered at the brushes. 

Ones. What action takes place in the motor armatnre 
winding 

Ans. Since it runs at one-half s 3 mchronous speed, it generates 
alternating current of half the supply current frequency, de- 
livering these to the armature of the dynamo. 

Ones. What claim is made for this type of anwratns? 

Ans. The cost is said to be less than a motor generator set, 
and it is claimed to be self-synchronizing and to require no 
special starting gear, also to be 2,5 per cent, more efiSdent than 
a motor generator. 

Qnes. How is the machine started from the high pressure 
side? 

Ans. The field winding is connected directly to the high 
inressuie leads. The three slip ring brushes are connected with 
external resistances which are used while starting, the external 
redstances being gradually cut out of the circuit as the mach ine 
comes up to speed (the same as with an ordinary slip ring 
motor). 


Qnes. How does a cascade converter compare with a syn- 
chronous converter? 

Ans. It is about equally expensive as the synchronous 
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converter with its necessary bank of trans- 
formers, but is about one per cant less ef- 
ficient. It is claimed to be more desirable 
for frequencies above 40 on account of 
the improved commutation at tl»e low fre- 
quency used in the dynamo member. For 
lower frequencies the synchrcwnous con- 
verter is preferable. 


Synchronous Booster Converter. — 

Where it becomes necessary to adjust the 
voltage at the d.c. end over a considerable 
range, as for electrolytic work, or for cen- 
tral station service, it is desirable to vary 
the a.c. voltage supplied to the rotary by 
means of a special a.c. booster wMch adds 
to or subtracts from the a.c. vcdtage sup- 
plied, thus giving double the range of 
voltage generated by the booster. 


The voltage can be varied over the full range 
in very small steps by adjusting the field 
strength of the booster. The booster may be <rf 
the revolving armature or revolving fidd type, 
the former, however, being more ample. 

The booster armatiure is mounted on the shaft 
between the converter armature and collector 
rings, with its ccnls connected in aeries with' the 
converter armature coils. Thus the voltage gen- 
erated by tlK booster is added to or subbacted 
from the supply voltage. 
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The variation and reversal of the booster voltage, by means of a field 
rheostat in the booster field circuit, increases or decreases the d.c, voltage 
delivered by the synchronous converter. 

Fly Wheel Motor Generator Sets. — It is always desirable to 
have as near uniform a load on a station as possible. Such 
loads as come from the hoisting of coal or ore from docks or 
mines are quite intermittent in character and have high peaks. 



Fig. 3,099. — AUis-Chalmers fly wheel motor generator set designed to smooth out load curve 
of coal hoists. 


Furthermore power is usually transmitted by means of alter- 
nating currents to the hoisting centers and it usually is con- 
verted to direct current since the direct current motor has 
the best characteristics for hoisting work. 

By designing the motor generator set with a fly wheel, energy can be 
stor^ in and taken out of this fly wheel in such a way that the motor of 
the set draws practically a imiform load from the line. 

Since the energy can be obtained from and put into the wheel by vary- 
ing its speed, it is necessary to have a motor which can be adjusted in a 
simple manner withill thfe narrow limits required. An induction motor is 
therefore requifed^l JPbr small sets this may be of the squirrel cage type re- 
quiring no regulating device whatever. For larger sets the phase wound 
rotor is used. 
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Ques. What systems of electric drives are most common 
for mine hoist service? 

Ans. In order of the frequency of their application, these 
are: 

1 . Induction motor with 

a. Master controllers, contactors and grid secondary 
resistance. 

b. Primary contactors and liquid secondary resistance. 

c. Drum controllers and grid secondary resistance. 

2. Ilgner-Ward Leonard System: 

Direct current, shunt wound motor operated from motor 
generator set with fly wheel by Ward Leonard control. 

3. Ward Leonard System: 

Direct current, shunt wound motor operated from 
motor generator set without fly wheel by Ward Leonard 
control. 

Direct current motors with rheostatic control, using either drum 
controllers or magnetic control, are used to a comparatively 
limited extent due to the almost universal use of A. C. power. 

Induction Motor-driven Hoists. — The frequent use of this 
type of motor for mining service is best illustrated by the fact 
that of 450 General Electric Co.’s mine hoist drives of 250 horse 
power capacity and above, over 85% are of this class. 

The large majority of mine hoists therefore are driven by 
induction motors with secondary control through reduction 
gearing, and successful operation has been attained with ca- 
pacities up to 1800 h.p. continuous rating. 

The chief reason for their predominance is their low first cost 
combined ivith simplicity of installation and operation. The 
availability of ax. power at reasonable rates, the adaptability 
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of the industrial type motor for this service, its ruggedness and 
reliability are also contributing causes of its popularity. 

In addition to adequate capacity and general rugged con- 
struction, the only particulars in which the induction motor 
intended for mine hoist service demands special attention are, 
that the slip ring voltage be sufficiently low and the rotor in- 
sulation sufficiently good to withstand the double voltage re- 
sulting ftxMn reversal at full speed, and that the rotor have suffi- 
cient twnding wire to withstand the possible overspeed to which 
it may be subjected. 

The main factor limiting its application is the comp>aratively 
poor control obtainable, although its use may also be precluded 
on account of conditions of power supply and also on account of 
a low efficiency on certain frequencies. 

In cases where a more precise control is necessary, for example 
in metal mine hoists where hoisting must be carried on from 
many levels necessitating frequent shifting of the skipre and con- 
siderable unbalanced operation; and also with some very high 
speed coal mine hoists, requiring great accuracy of control at the 
end of the trip. Usually in the latter case the adoption of one of 
the Ward Lwnard systems also results in higher operating 
efficiency. The lowering of loads out of balance at reduced 
speeds can be accomplished with the induction motor only with 
some difficulty and with the expenditure of considerable energy 
unless the mechanical brakes are used. 

For light duty hoists, using motors up to 100 h.p. it is usually 
satisfactory to use drum controllers for both the primary and 
secondary circuits or to use contactors for reversing the primary 
connections and handle the secondary currents directly on the 
controller s^^nents. In a few cases where the service is excep- 
tionally light and the operation very intermittent this type of 
control has been used on hoists up to 200 h.p. capacity. 
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Fig. 3, 099-A.— Simplified connection diagram of electric drive for mine hoist serrke, in which 
an induction motor with liquid slip regulator provides power to the motor 

generator set. 
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Usually, however, with hoists driven by motors of 100 h.p. 
and above the conditions require the use of full magnetic type 
control, that is, contactors are used for both the primary and 
secondary circuits in connection with grid resistance, or for the 
larger sizes primary reversing, contactors are used in connection 
with a liquid rheostat, the resistance being in the form of a 
liquid and its value being varied by varying its level, in a cham- 
ber in which are placed electrodes connected in the secondary 
circuit. The standard voltages for these equipments are 440 
and 2,200 volts, the latter being recommended for motors of 
300 h.p. and above. 

Ques. What are the principles underlying the liquid rheo- 
stat type of control? 

Ans. Liquid resistances are used on account of their favor- 
able resistance characteristics to an electric current. However, 
while this principle is a simple one it has required ingenious 
designing to produce a rheostat that will operate successfully 
under the conditions encountered in mine hoist service. Besides 
providing a high resistance to limit the torque at the start and 
for low speed running, the rheostat must have a low minimum 
resistance so that the hoist can be operated at full speed without 
excessive loss in the rotor circuit. 

To obtain a low value of minimum resistance, a great multi- 
plicity of plates must be used, spaced closely together. In the 
earlier designs, and in some still on the market, trouble results 
from arcing between the plates when the rheostat is hot and 
steaming during reversal at high speed, since under these con- 
ditions double standstill potenti^ is developed between the 
collector rings and therefore between the plates. A design has 
been perfected from which a large number of rheostats have been 
built and put into successful operation, which has overcome all 
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practical difficulties and which embodies all the characteristics 
essential to successful service. In this design two separate sec- 
tions of electrodes are used, one of high resistance consisting of 
widely spaced pipes of graduated lengths and the other of low 
resistance consisting of a nest of closely spaced plates. At start 
only the widely spaced pipes are connected in the rotor circuit, 
but as the level of the liquid rises in the electrode chamber and 
the motor has reached a considerable speed and the secondary 
voltage has fallen to a low value, the low resistance section of 
plates is cut into the circuit in multiple with the pipes by means 
of a contactor, and the acceleration of the motor is completed, 
so that at the maximum level of the liquid the resistance in the 
circuit is very low. 

A small continuous runmng motor dnven centrifugal pump 
forces the liquid which is a weak solution of chemically pure 
sodium carbonate (Naj CO3) into the electrode chamber from a 
storage tank, which is formed by the lower portion of the rheo- 
stat. The speed of the motor is controlled by means of a lever 
operating a weir, whose position determines the level of the 
liquid . To this same lever is connected a master controller which 
operates the primary switches that control the direction of rota- 
tion of the motor. As the weir constitutes practically one entire 
wall of the electrode chamber, it can be emptied practically as 
quickly as the lever can be brought to the off position. 

The rheostat is equipped with an adjustable sill, which in its 
upper position increases the height of the liquid at the start, 
thereby decreasing the time required to attain full speed, this 
being often desirable during the normal operation of the hoist. 
The liquid in the storage tank is cooled by means of a nest of 
coils through which cooling water taken from the local water 
supply is circulated. It is important that this supply of cooKng 
water be free from acid and other corroding chemicals. 
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Ques. In what type of mine hoist service is liquid rheostat 
secondary control generally found? 

Ans. The liquid rheostat is found chiefly when induction 
motor driven hoists of large capacities are employed, and also in 
applications where a considerable amount of partial speed oper- 
ation is required. For example in metal mine shafts and long 
slopes, as it supplies a finer degree of control than the grid 
resistance type. 

Ques. What are the principles of the Ward & Leonard 
System of speed control? 

Ans. This method of control depends upon the fact that the 
speed of a motor armature rotating in a constant magnetic field 

TO FULL VOLTAGE SOURCE TO FULL VOLTAGE SOURCE 



Fig. 3,099-B. — Diagram of connection for variable voltage Ward-Leonard system of speed 
control. 


is proportional to the potential impressed at the brush contacts. 
Hence, by a variation of this potential the armature speed may 
be similariy varied. 
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To accomplish this speed variation, an independent generator 
for the supply of the motor is required, and the armature termi- 
nals of the generator are connected directly to the armature 
terminals of the motor. 

The motor field usually derives its source from the switch^ 
board buses providing for a constant excitation field. The shunt- 
field of the generator, however, is separately excited and is con- 
veniently controlled by a rheostat operated by a master con- 
troller. 

As the prime mover drives the armature at constant speed the 
potential impressed from it to the motor armature is approxi- 
mately proportional to the shunt-field excitation. In this way 
the speed of the motor armature is controlled over a rather wide 
range by the operator. 

Ward Leonard Motor-Generator Sets Driven by A.C. Motors. 

— Ward Leonard motor-generator sets which are not provided 
with fly wheel equalization are driven by either constant speed 
induction motors or synchronous motors. 

The choice in this matter is influenced by a munber of con- 
siderations, but chiefly by the relative first cost (which depends 
on the capacity) and the desirability of power-factor correction. 
In some cases the high pull-out torque necessary would require a 
synchronous motor, of larger capacity than that necessary to 
meet the average duty, while an induction motor, which has in- 
herently a high overload capacity , would not be thus handicapped . 

The synchronous driven set can be designed to operate at a 
higher average power-factor, and for this reason is quite com- 
monly used where the station capacity is already curating 
under a low power factor load. 

In the majority of cases, however, the squirrel cage induction 
motor is emplo5^ because of those characteristics to vriiidi its 
general popularity is attributed. 
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Fig. 3,099-C — Conventional connection diagram for Ward-Leonard motor generator set 
without fly-wheel. 


The Ugner-Ward Leonard system of speed control. — In this 
system of speed control a flywheel is introduced to the motor 
generator set, its function being to equalize the load in cases 
where power is generated imder such condition as to preclude 
the posfflbility of carrying the heavy peak loads without dis- 
turbance to other apparatus operating on the system. 
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This system of control is especially desirable where power is 
purchased at rates which imposes a heavy reservation charge 
for peak loads. 

As described, the most common use of this system takes the 
form of a flywheel directly connected to the Ward Leonard 
motor-generator set in addition to a device for automatically 
varying the speed through the secondary rheostatic control of 
the slip ring induction motor that drives the set. 

With the utilization of an equipment of this kind, the power 
taken from the supply circuit is limited to a certain pre-deter- 
mined value, and whatever power is required by the hoist in 
excess of this value is given up by the flywheel as the speed of 
the wheel is reduced. Again, during periods of light demand the 
speed of the wheel is increased and energy stored up in anticipa- 
tion of the next load peak period. 

This smoothing out action of a flywheel motor generator set 
used in connection with a d.c. hoist motor is shown in fig. 
3099D. The extreme fluctuation of load to which the generator 
IS subjected is supplied by the line at a very much lower and 
more uniform rate, the action of the wheel is illustrated by the 
speed curve of the motor-generator set. 

In fig. 3099E is shown a partial record from the curve drawing 
watt-meter which measures the input of power to a flywheel set 
operating a mine hoist. This record gives a good illustration of 
the effectiveness of a flywheel set in limiting the maximum de- 
mand from the line to an adjusted value. 

Since in this system the motor generator set must operate at 
varying speed a slip ring motor is necessary which operates in 
connection with a liquid type slip regulator. 

The regulator is operated by a motor whose primary windings 
are connected in series (through series transformers) with the 
windings of the main induction motor, the electrodes which are 
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of fly-wheel motor generator set respectively. 
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suspended from one end of a lever arm, the other end of which 
carries a counterweight for piupose of adjustment. 

The torque of the motor varies with the line current and 
when this current tends to exceed a certain predetermined 
value, the torque of the motor will overcome the weights of the 
moving parts of the slip regulator introducing resistance into 
the rotor circuits of the main induction motor, thereby causing 
the motor to slow down and thus allow the flywheel to give up 
its energy. 

When the current tends to fall below the predetermined value, 
the weight of the moving parts of the slip regulator will over- 
come the torque of the motor and the resistance will be auto- 
matically cut out, the wheel absorbing energy as the set speeds 
up. 

When operating on the cycle for which the regulator is ad- 
justed to completely equalize, the regulator will maintain a uni- 
form input to the induction motor within 5% of either side of 
the average. The regulator is also used for starting of the set, 
the current during starting being limited to the value for which 
the regulator is adjusted. 


Ques. When is a synchronous converter used in preference 
to a motor-generator set? 

Ans. The matter of comparison of the merits of the syn- 
chronous converter with the motor-generator set is one which is 
influenced by a large number of considerations and the questions 
as to which should be adopted in a given instance can be an- 
swered only by a careful consideration of all the conditions af- 
fecting such decision for the particular case involved. Yet, 
there are certain characteristics of each type which may well be 
appraised before making a decision. 
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Fig 3,099-F. — Ehagram of connection for D.C. compound wound generator directly connected 
to a 60 cycle, 3 phase A. C motor shown on the opposite page 
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Fig 3,099-G — Connection of instrurrent and control relays for A C. motor inter-connected 
to a D. C. compound wound generator The control scheme includes a starting compensator 
and starting oil circuit breaker Under-voltage protection is provided by means of device^ 
inter-connected to the A. C. and D. C main switches and on the mam shaft of the motor 
generator set. The overload relays will tnp the mam oil circuit breaker when the over- 
current exceeds a pre-determined value by means of trip coils, which will become energized 
when the relays open their contacts due to the over-current The energy measured by 
means of a watt hour meter provided both on the A C and D C. side of the load. 
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Certain applications for example by their very nature prove 
themselves suited for synchronous converter usage while others 
indicate that better economy and better all around service may 
be expected from a motor-generator application. For example, 
if an application is to be located at the end of a transmission line 
where regulation is poor and the voltage is subject to large 
fluctuations due to switching, the utilization of the motor- 
generator set is preferred. 

However, due to the higher standards of ax. distributors and 
improvement in interconnection methods, the s 5 mchronous con- 
verter has found a wider field of application than was previously 
thought possible. In the case of extreme frequency variations, 
severe line surges and extreme line voltage drops, the applica- 
tion of the synchronous converter is ill advised. 

When making a comparison of the initial cost of both types 
of equipment, the calculation should be made to include the 
step down transformer for the synchronous converter. In many 
applications the motor-generator set is designed for direct line 
operations which tends to lower initial cost. On the basis of such 
computations, it will be foimd that the converter with the neces- 
sary auxiliary equipment represents about the same initial cost, 


Key to symbols shown on diagrams pages 2,080-10 and 2,080-1 1 . 


A.«>Amneter ^a-c) 

Aim Ammeter (d-c.). 

AlS. M Auxiliary f witch. 

C.B. M Air circuit breaker. 

C.T. M Curreut tnuufonner. 
D^CP.mD-c. generator panel. 

P. — Puse. 

FA. M Field Ammeter. 

Rs. M Reabtaoce. 

S. M Main and equalizing switch. 

Si M Starting switch. 

Shunt. 

S.C. M Starting compensator. 
8 XJ>.m Speed limiting device. 
SJfJP. MSynchronous motoe panel. 
SJLm Shunt r^y. 


Pi». » Field switch. 

O.C.B.MOil circuit breaker. 

O. R. M Inverse time limit overload 
relay. 

P. F.I. M Power factor indicator. 

P.T. M Potential transformer. 

R.M. M Rheostat mechanbm. 

R.M S. M Running and magnetiaiag 
switch. 

T. C. *»Trm coil. 

U. VJD. M Under-voltage device a-e. ar 
d-c. (optional). 

V *■ Voltmeter (d-c.). 

Vi M Voltmeter (a-c.) (optional). 
'W.H.M'** Wattnour meter (a-c.>. 
WiLM.-l* Watthour meter (d-c.). 
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but the added all around efficiency incident to its operation will 
in time compensate for such added investment. This overall 
efficiency of the converter exceeds that of the motor-generator 
set by as much as 3 or 4 per cent at full load and even higher at 
lighter loads. 

The demand for successful commutation at frequently ap- 
plied heavy overloads is best met by the motor-generator set. 
Service involving high load peaks at frequent intervals in daily 
operation is particularly adverse to the best converter perform- 
ance. In fact such service can be maintained by the converter 
only at greatly increased maintenance cost of the current collect- 
ing parts. Such increased maintenance will be further accentu- 
ated in event of a flash-over. Unquestionably the possibilities of 
flash-over are greater with the synchronous converter than with 
the motor-generator set. 
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Fig 3,099-H. — ^Front view of switchboard for use With synchronous motor generator set 
shown m figs. 3,099-F and 3.099-G 





wo-Unil Station 28 flO la 
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and arrangement of cables and supports. 
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TEST QUESTIONS 

1 . What is a motor generator set? 

2 . What is a motor generator set used for? 

3 . When is a motor generator set preferable to a rotary 

converter? 

4 . What combinations of motor generators are in general 

use? 

5 What is the advantage of motor generator sets over 

converters on high frequency circuits? 

6 What is the standard practice for transmission sys'- 

terns and the exceptions? 

7. When is direct current distribution used? 

8. What apparatus is not required with d.c. distribution? 

9. What is the behavior of a rotary converter when 

hunting? 

10 Is hunting so pronounced with motor generator sets? 

1 1 . Does racing under heavy inductive load or short cir- 

cuit take place with motor generator sets? 

12. Describe a frequency changing set 

13. Is a frequency of 25 desirable for electric lighting? 

14. How is a low frequency changed to a high frequency? 

15. What may be said of the parallel operation of fre- 

quency changers? 

16. When alternators are run in parallel, with one ma- 

chine right behind the other, what luxppens? 

17. What is a cascade converter? 

18. Describe the windings of a cascade converter. 
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19 At what speeds does a cascade converter run^ 

20 . How is a cascade converter started? 

21 . How does a cascade converter compare with a syn- 

chronous converter? 

22 What is a synchronous booster converter? 

23 . Describe a fly wheel motor generator set. 

24. What is the object of a fly wheel on a fly wheel motor 

generator set? 
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CHAPTER 66 

A. C. Windings 

The windings for alternators and ax. motors are substan- 
tially alike. Most alternating current windings are of the open 
circuit type, that is, there is a continuous path through the 
wire of the coils of each phase of the winding with the ends 
of this path forming two free ends. Such a winding does not 
close upon itself. 

For instance, in a revolving armature alternator the terminals of the 
completed winding are connected to collector rings and the winding is open 
circmted until closed by the cormections between the brushes. 

Alternator windings are usually described in terms of the 
number of slots per phase per pole. For instance, if the arma- 
ture of a 20 pole three phase machine have 300 slots, it has 15 
slots per pole or 5 slots per each phase per pole, and will be 
described as a five slot winding. Therefore, in order to trace 
the connections of a winding, it is necessary to consider the 
number of slots per pole for any one phase. 

Classification of Windings. — The fact that a.c. machines 
are built in so many different types, gives rise to numerous kinds 


NOTE — The careless use of the term '’armature windings” without regard to whether the 
winding be an armature, or a field winding should be avoided 
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of winding to meet the varied conditions of operation. In 
dividing these forms of winding into distinctive groups, they 
may be classified, according to several points of view, as 
follows: 

1. With respect to the form of the armature, as: 

a. Revolving; 

b. Stationary. 

2. With respect to the mode of progression, as: 

a. Lap winding; 

b. Wave winding 

3. With respect to the relation between number of poles and 
number of coils, as: 

a. Half coil winding; 

b. Whole coil winding. 

4. With respect to the number of slots, as: 

a. Concentrated or uni-coil winding; 

b. Distributed or multi-coil winding 

5. With respect to the form of the inductors, as: 

c. Wire winding; 

b. Strap winding; 

c. Bar winding. 

6. With respect to the munber of coils per phase per pole, as: 

a. One slot winding; 

b. Two slot winding, 

etc. 

7. With respect to the kind of current delivered, as: 

a. Single phase winding; 
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b. Two phase winding; 

c. Three phase winding. 

8. With respect to the shape of the coil ends, as: 

a. Single range; 

b. Two range; 

c. Three range. 

In addition to these several classes of winding, there are a 
number of miscellaneous windings of which the following might 
be mentioned: 



Fig. 3,100. — ^gle phase lap winding suitable for the same conditions as* for the wave winding 
in fig. 3.1D1, 


a. Chain winding; 

b. Skew coil winding; 

c. Fed-in winding; 

d. Impregnated winding; 

e. Mummified winding; 
/. Spiral winding; 

g. Shuttle winding; 

h. Creeping winding. 


2,084 


A. C. Windings 


Ques. Define a reYolving and a stationary winding. 

Ans. The words are self-defining; a winding is said to be 
revolving or stationary according as the armature, or field 
forms the rotor or stator of the machine. 

Ques. What is the significance of the terms lap and wave 
as applied to alternator windings? 

Ans. They have the same meaning as they do when ap- 
plied to dynamo windings. 

These are described in detail in Chapter 19 Briefly a lap winding 
IS one composed of lap coils; a wave winding is one* which roughly re- 
sembles in its diagram, a section of waves. 



Fig 3,101 — Single phase wave winding having two slots per pole per phase and one coil side 
per slot 


Half Coil and Whole Coil Windings. — The distinction as 
to whether the adjacent sides of consecutive coils are placed 
together under one pole or whether they are separated a distance 
equal to the pole pitch, gives rise to what is known as half coil 
and whole coil windings. 

A half coil or hemitropic winding is one in which the coils in 
any phase are situated opposite every other pole, that is, a winding 
in which there is only one coil per phase per pair of poles, as in 
fig. 3,102. 

A whole coil winding is one in which there is one coil per phase 
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per pole, as in fig. 3,103, the whole (every one) of the poles 
being subtended by coils. 

Concentrated or Uni-Coil Winding.— Fig. 3,104 shows the 
simplest type of single phase winding. It is a one slot winding 
and is sometimes called “monotooth” or “uni-coil” winding. 



The surface of the armature is considered as divided into a series of 
large teeth, one tooth to each pole, and each tooth is wound with one 
coil, of one or more turns per pole. Since all the turns of the coil are 
placed in smgle slots, the winding is called “concentrated ” 

Ones. What are the features of concentrated windings? 

Ans. Cheap construction, maximum voltage for a given 




2,086 


A. C. Windings 


number of inductors. Concentrated windings have greater 
armature reaction and inductance than other types, hence the 
terminal voltage of an alternator with concentrated winding 
falls C&. more than with distributed winding when the current 
output is increased. An alternator, therefore, does not have as 
good r^[ulation with concentrated winding as with distributed 
winding nor as great capacity. 

Ques. What should be noted with respect to concentrated 
windings? 



Figs. 3,104 and 3,105. — Concentrated windings A concentrated winding is one in which the 
armature has only (me tooth per phase per pole, that is, the number of teeth equate the number 
of poles. A conc^trated wmdmg of the half coil type has only one side of a coil in each slot 
as m fig. 3,104. In the whole coil variety, each slot contams neighbormg sides of adjacent 
coils, as in fig. 3,105. 


Ans. A concentrated winding, though giving higher voltage 
than the distributed type with no load, may give a lower voltage 
than the latter at full load. 
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Ques. What is the wave form with a concentrated winding? 

Ans. The pressure curve rises suddenly in value as the ar- 
mature slots pass under the pole pieces, and falls suddenly as 
the armature slots recede from under the pole pieces. 



concentrated coil P/kRTlALLY DISTRtBUTED COlL FULLY DISTRIBUTED COIL 

Figs. 3,106 to 3,108. — Alternator coils, showing difference between the coocentrated, partially 
distributed, and fully diatnbuted forms. Fig. 3,106 shows a concentrated coil m which all 
the wire ia wound in one large coil; in the partially distributed type hg. 3,107, the wire of fig. 
3,106, is wound in two or more coils or **8ectxm8** connected as shown, leavmg space 
matde not taken up by the subdivisions. In fig. 3,108 the wire of fig. ^,106 iMfuUy distrUnM, 
being wound m a senes of coils, so that all the interior space is taVim up by the wire, that is 
to say, the spaces not occupied by the wire (the teeth when traced on the armatare) are of 
equal sbe. 


Distributed or Multi-Coil Winding. — Instead of winding 
an armature so it will occupy only one slot per phase per pole, 
it may be spread out so as to fill several slots per phase per pole. 
This arrangement is called a distributed winding. 

To illustrate, fig. 3,106 represents a coil of say fifteen tums^ This 
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could be placed on an armature just as it is, in which case only one slot 
would be required for each side, that is, two in all. In place of this thick 
coil, the wire could be divided into several coils of a lesser number of 



Fig. 3,110. — Partially distributed winding. Each coil unit is here divided into two concentric 
coils of different dimensions and connected in series, as shown in detail in fig. 3,107. This 
being a “whole coil” winding the several units are so connected that the winding of adjacent 
units proceeds in opposite directions, that is, one coil is wound clockwise, and the next counter 
dodbvise, etc., so that the induced currents flow in a common direction as indicated by the 
arrows for the position shown. 


Fig. 3,111 . — Fully distributed winding. In this type of winding each coil consists of so many 
sub-coils that the winding occupies the entire surface of. the armature core; that is, there art 
coextensive spaces unoccupied, the spacing being uniform as shown. This winding is un 
duly distributed; fitr. 3,110 shows a brttcr arrangement. 
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turns each, arranged as in fig. 3,107; it is then said to be partially dis- 
tributed, or it could be arranged as in fig. 3,108, when it is said to he fully 
distributed, 

A partially distributed winding, then, is one, as in fig. 3,107, 
in which the coil slots do not occupy all the circumference of the 
armature; that is, the core teeth are not continuous. 

A fully distributed winding is one in which the entire surface 
of the core is taken up with slots, as in fig. 3,108. 


Ques. In a distributed coil what is understood by the 
breadth of ihe coil? 



Fig 3,112. — Developed diagram of single phase concentrated whole coil wmdmg m two slot 
stamping for six pole alternator. If the sides of adjacent whole coils be slightly separated 
by plaong the winding m a two slot stamping the electrical result will not differ materially 
from the monotooth whole coil wmdmg. 

Ans. The distance between the two outer sides, as B, in 
figs. 3,107 and 3,108. 

Ques. How far is it advisable to spread distribpted. coils 
of a single phase alternator? 

Ans. There will be little or no advantage in reducing the 
interior breadth below 25% of the breadth of the pole pitch, 
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nor is there advantage in making the exterior breadth greater 
than the pole pitch. 

Undue spreading of distributed coils lowers the value of the Kapp co- 
efficient (later explained) by reducing the breadth coeflBcient and makes 
necessary a larger number of inductors to obtain the same voltage. 

The increase in the number of inductors causes more armature self- 
induction. From this pomt of view, it would be preferable to concentrate 




Fig 3,113. — Developed diagram of single phase partially distributed half coil winding for six 
pole alternator in one slot stamping, same as in fig. 3, 1 12 In this arrangement the direction of 
rotation is not reversed 


the winding in fewer slots that were closer together. This, however, 
would accentuate the distorting and demagnetizing reactions of the ar- 
mature. Accordingly, between these two disadvantages a compromise is 
made, as to the extent of distributing the coils and spacmg of the teeth, 
the proportions assigned bemg those which experience shows best suited 
to the conditions of operation for which the machine is designed. 


Voltage Formula for Alternators . — A volt or unit of electric 
pressure is defined as the pressure induced by the cutting of 
100,000,000 or 10® lines of force per second. In the operation 
of an alternator the maximum pressure generated may be 
expressed by the following equation: 
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Fig. 3,115. — Eteveloped diagram of single phase winding with excessive distribution of coils. 
As explained, excessive spreading lowers the value of the Kapp coefficient and consequently 
voltage; also the use of a larger number of inductors to obtain the same voltage results in 
an increase of armature self-induction. On the other hand, if the winding were concen- 
trated in fewer slots and these slots were closer together, the result will be am increase in 
distorting ynd demagnetizing reactions of the armature. Therefore, a compromise between 
these two disadvantages must be made. 



Fig. 3,116. — ^AUis-Chalmers “diamond” coils forming a five slot distributed coil unit. In 
oonatruction, the coils are form wound, covered with insulating material and treated 
with insulating compound. The coils where they pass through the core and for some dis- 
taua:e on each side, aie further protected by insulating material i^ced in the slots. Bach 
coil is held in place by means of leatheroid slot wedges. The ends of the coils, where th^ 
project beyond the slots, are heavily taped 
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The virtual value of the volts is equal to the maximum value 
divided by V 2, or multiplied hy \ V 2, hence, 

V2Xx/ZN _2.22/ZN 
10 « 10 « 

This is usually taken as the fundamental equation in designing 
alternators. It is, however, deduced on the assumptions that 
the distribution of the magnetic flux follows a sine law, and 
that the whole of the loops of active inductors in the armature 
circuit act simultaneously, that is the winding is concentrated. 


The Kapp Coefficient. — In practice, the coils are often more 
or less distributed, that is, they do not always subtend an exact 
pole pitch; moreover, the flux distribution, which depends on 
the shaping and breadth of the poles, is often quite different 
from a sine distribution. Hence, the coefficient 2.22 in equa- 
tion (2) is often departed from, and in the general case equa- 
tion (2) may be written 


EiTirt = 


Jfe/ZN 

10 * 


.(3) 


where k, is a number which may have different values, accord- 
ing to the construction of the alternator. This number k, is 
called the Kapp coefficient because its significance was first 
pointed out by Prof. Gisbert Kapp. 

The value of k, is further influence by a “breadth coefficient” 
or, spread or spein “factor.” 

The effect of breadth in distributed windings is illustrated 
in figs. 3,117 to 3,119. 


Wire, Strap, and Bar Windings. — In the construction of 
alternators, the windii^ may be of either wire, strap, or bar, 
accOTding to which is best suited for the conditions to be met. 
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Ques. What kind of inductors are used on machines in- 
tended for high voltage and modm'ate current? 

Ans. The winding is composed of what is called magnet 
wire, with double or triple cotton insulation. 

Ques. What precaution is taken in insulating a wire wound 
coU containing a large number of turns? 


NOTE — Spread factor. In order to minimize the voltage impedance and so improve 
the regulation, the coils in the various phases of an alternator armature are divided up over 
a number of slots, instead of being concentrated all in one slot. As a result of this, the voltage 
in the various coils is not all m the same phase, and the resultant voltage is not the arith- 
metical sum of the voltage in the several coils. To correct for this, a factor, known as the 
spread factor, is introduced into voltage calculations. For practical estimation this reduc- 
tion factor may be taken as .96 m the case of a distributed three phase windmg; .90 f<wr a dis- , 
tnbuted two phase winding; and .84 for a single phase wmding distributed .over two-thirds 
of the pole pitch 

NOTE — The value* of the spread factor as given m the table below are based upon 
the same number of inductors bemg placed in each of the slots and all of the slots bemg used 


Slots per phase 
per pole 

Soread Factor 

Single phase 

Two phase 

Three phase 

1 

1 000 

1 000 

1 000 

2 

707 

924 

.966 

3 

663 

911 

960 

4 

653 

906 

958 

6 

644 

903 

956 


NOTE. — Voltages generated in various single phase windings. The terms single, 
double, triple coil, etc., in the table below, mdicate whether the inductors are arranged in 
one, two, three, etc , equally spaced single coils per pole piece, the smgle coil being determined 
by the group of mductors lying m one slot. The conditions are equivalent to the oom* 
ponent voltages generated in each group bemg in one, two, three, etc., different phsoes, irre- 
spective of the number of resultant windings mto wluch they are combined. 


Type of Wmding 

Correction factor for vfdtage 
of variously distributed windinga 

Single coil winding . . 

E-1.000 

Double coil wmding 

E« .707 Xsingte cod winding 

Tnple coil winding 

E«- .667X “ 

Quadruple cod winding 

E- .654X “ 

Multi-cod or thoroughly distributed wmdmg 

E- ,637X - - « 
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Ans. On account of the considerable difference of pressure 
between layers, it is necessary to insulate each layer of turns as 
well as the outside of the coil, as shown in fig. 3,121. 

Ques. Do distributed coils require insulation between the 
separate layers? 

Ans. Since they are sub-divided into several coils insulation 
between layers is usually not necessary. 

Ques. How is a coil covered? 



Fig. 3,120. — Simple form of alternator coil, consjeting of numerous turns of insulated wire 
wound 110111x1 a ftxm, then covered with a tape wlndmg, varnished and baked. 


Ans. It is covered with a more or less heavy wrapping of 
tape depending upon the voltage, which, if high, is reinforced 
with other insulation. 

Uavarnisbed cotton, sonietimes talsdy called “linen” (beca^ of its 
ook>r), is usually used for a coil binder or outer cover. Other insulation 
IS frequently aptdied under the cotton. 
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Ques. Is the insulation placed around the coils all that is 
necessary? 

Ans. The slots into which the coils are placed, are also 
insulated. 

Ques» How are bar windings sometimes arranged? 

Ans. In two layers, as in fig. 3,131. 



Fig. 3,121. — Method of winding a coil containing a large number of turns, when there is 
considerable difference of pressure between the layers. In such cases to guard against 
short circuits or breakdown of the insulation, each layer of turns is insulated from the next 
layer by the insulating strips A, B, C, in addition to the regular insulaticMi around each wire. 
After the coil is made up it is wound with insulating tape, varnished and baked. 



Fig. 3,122. — Copper strap or ribbon with insulation. These arc generally hrom to inch 
thick with rented edges as shown to avoid cutting the insulation. 


Fig. 3,123. — Bar inductor. Its shape enatiles putting the maximum cross teetkm of copper into 
the slot and is used to advantage on machines which generate large currents. 
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Single and Mnlti-Siot Windings. — These classifications cor- 
respond to concentrated and distributed windings, previously 
described. In usual modem practice, only % to ^ of the 




Figs. 3,124 and 3,125. — Single and double layer multi-wire inductors and methods of placing 
them on the core. Here the term layer means unit, in fact each unit is made up of several 
‘layers" of wires. In fig. 3,124, where so many wires are bunched together in one unit, 
each layer of turns is separated from those adjacent by insulating strips on account of the con- 
siderable difference of la-easure between layers. This insulation may not be necessary in fig. 
3,125 where there are two units or so called layers. In both cases the inductors are held in 
place by wedges driven into dovetail grooves. 
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total number of slots (assuming the spacing to be unifc«rm) of 
a single phase armature are wound with coils. 

The reason for this may be explained by aid of fig. 3,130, which shows 
an armature with six slots per pole, four of which are wound. 



Figb. 3,126 and 3,127.— Bent bar inductor and method of connection with soldered joint. 
Fi«. 3,126 shows one bar and shape of bent ends. The portion from C, to D, is placed m the 
slot; B, toC,and D, toE, bent or connector sections. A, to B, and E, to F, ends bent parallel 
with slot for aoldenng. Fig. 3,127 shows two bar inductors connected. 



Pigs 3 128 and 3,129.— Method of avoiding a soldered joint at one end of a bar mductor by 
using a bar of twice the length shown in fig. 3,126, and bending it mto a tag U form, as 
in fig 3,128, after which it is spread out forming two inductors, as m fig. 3.129- 




2,100 


A. C. Windings 


Owing to the different positions of, say, coils A and B, there will be a 
difference in phase between the pressure generated in them and conse- 
quently the resultant pressure of the two coils joined in series will be 
less than the sum of the pressure in each coil. 



Fig. 3,131. — ^Arrangement in slot of two layer bar winding. With bar indoctorB, as must 
cvwlent from the illustration, the maximum cross section of copper can be placed in a 
slot Of giwen dimensions, hence a bar winding is used to advantage for altcnmtors eesignei 
to carry a large current. 
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Ques. What other advantage besides obtaining a sine 
wave is secured by distributing a coil? 

Ans. There is less heating because of the better ventilation. 


Single Phase Windings. — There are various kinds of single 
phase winding, such as, concentrated, distributed, hemitropic. 



Fig. 3,132. — Style of armature core stamping used with bar woxmd machines. This construe 
tion, since there are no indentations in the teeth for wedges, makes it necessary to provide 
bands to hold the bars in place. 



Fig. 3,133. — Developed diagram of a single phase monotooth or one slot bar winding; it is 
suitable only for operation at low voltage. 


etc. Fig. 3,134 shows the simple type of single phase winding. 
It is a “one slot” winding, thht is, concentrated coils are usied. 

The armature has the same number of teeth as there are polet, 
the ccHicentrated coils being arranged as shown. In dedgnlnf 
such a winding, the machine, for example, may be required to 
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generate, say, 2,300 volts, frequency 60, revolutions 1,200 per 
minute. 

These conditions require 720 inductors in series in the armature circuit, 
and as the armature is divided into six slots corresponding to the six 
poles, there will be 120 inductors per slot, and the coil surrounding each 
of the six teeth on the surface of the armature will consist of 60 turns. The 
connections must be such as to give alternate clockwise and counter- 
clockwise winding proceeding around the armature. 



Fk 5. 3,134. — Diagram of six pole single phase revolving armature alternator, with monotootii 
or concentrated whole coil winding. For 2,300 volte at 1,200 revolutions per minute, 720 
inductors per slot are required. In the case of a concentrated or monotooth winding they 
may be arranged in “whole coils’' as above or in “half coils” (hemitropic) as in fig. 3,135. 


Ques. In what other way conld the inductors be arranged 
in concentrated coOs? 

Ans. They could be grouped in three coils of 120 turns each, 
as shown in fig. 3,135. 
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When thus grouped the arrangement is called a M coil, hemitropic or club 
footed winding. 

Ques. What are the advantages and disadvantages of a 
half coil vrinding? 

Ans. In single phase machines, a half coil winding is nearly 
equivalent electrically to a monotooth winding and therefore 



Fig. 3,135. — Diagram of six pole single phase alternator with concentrated half coil or hemi- 
tropic winding of same capacity as in fig. 3,134. There are an equal number of inductors 
but in this case arranged in three instead of six coils. In this winding the direction ol 
winding is not reversed or that the induced pressures would oppose one another. 


is not of any particular advantage; the regulation and ven- 
tilation are not so good and they require more head room. 
The wave shape is badly off the sine ciirves, same as a mono- 
tooth. 
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Fk;. 3, 1:^6. — Two phase concentrated whole coil winding. In this style winding the total 
number of slots is twice the number of poles, or one slot per pole per phase. It comprises 
two windings identical with fig. 3,134, being spaced 90 polar degrees as shown. The two 
circuits are independent, the windings terminating at the four collector rings. 



Fig. 3,137. — ^Two phase winding in two slots per polo phase. This stamping distributes 
the co^ of each phase into two sections, as A and B. The coils are of the “whole" type 
and with six poles the total number of riots is 4X6 **24, imiformly sptaced as shown. 
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Two Phase Armature Windings. — This type of winding can 
be made from any single phase winding by providing another set 
of slots displaced along the surface of the armature to the extent 
of one-half the pole pitch, placing therein a duplicate winding. 

For instance: If the six pole monotooth, single phase winding, shown in 
fig. 3,134, be thus duplicated, the result will be the one slot two-phase 
winding shown in fig. 3,136, which will have twelve slots, and will require 
four slip rings, or two rings for each phase. 



mature as is clearly shown in the illustration. 


By connecting up the two windings in series, the machines could be 
used as a single phase, with an increase of voltage in the ratio of 1.41 to 1. 

Ques. How must the coils be constructed for c hain 
windings? 

Ans. They must be made of two different shapes, one bent 
up out of the way of the other, as in fig. 3,138. 

NOTE. — ’A chain winding which is made up of coils having one, two, or three, difitaent 
shapes is calM a one range, two range, or three range winding respectivdv. 


2,106 


A. C. Windings 


There are numerous kinds of two phase windings; the coils may be con- 
centrated or distributed, half coil or whole coil, etc. Fig. 3,137 shows a 
two phase winding with four slots per pole, and fig. 3,140 one with six 
slots per pole. 

Three Phase Armature Windings. — On the same general 
principal applicable to two phase windings, a three phase wind- 
ing can be made from any single phase winding, by placing 



Fig. 3, 139. — ^Two phase winding in three slots per pole per phase showing shaping of the coil 
ends. The coils are the “whole" type. Every other coil is flat, while the alternates have 
their ends bent down as shown. With respect to the shaping of the coil ends, it is called 
a two range winding. 


three identical single phase windings spaced out successively 
along the surface of the armatiu'e at intervals equal to one-third 
and two-thirds, respectively, of the double pole pitch, the unit in 
terms of which the spacing is expressed, being that pitch, which 
corre^xmds to one whole cycle. 

Each of the three individual 'windings must be concentrated into nar- 
row belts so as to leave sufficient space for the other windings between. 
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them. This limits the breadth or space occupied by the winding of any 
one phase to one-third of the pole pitch. 


Ques. How are three phase coU ends treated? 

Ans. They may be arranged in two ranges, as in fig. 3,141, 
or in three ranges, as in fig. 3,142. 



Fig. 3,140. — 'Three phase winding with distributed coils — ^wound in four slots per ]x>lc per 
phase; diagram showing placement of the coils. 


Ques. What kind of coil must be used for three phase 
windings in order that the ends may be arranged in only two 
ranges? 


Ans. Hemitropic or half coils; that is, the number of coils 
per phase must be equal to one-half the number of poles. 
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Chaia t Nested Winding. — One disadvantage in ordinary 
two range windings is that two or three separate shapes of coil 
are required. The cost of making, winding, and supplying 
spares would be less if one shape of coil could be made to do 
for all phases. One way of accomplishing this is by the method 
of nested winding, in which the two sides of each coil are made of 


PHASE A 



Fi« 3,141 — Throe phaee, 10 pole, 30 slot winding in two ranges In this winding perfect 
symmetry occurs after every four poles Accordingly in the case of an odd number of piairs 
erf pdte, one of the coils must necessanly be askew going from the inner to the outer range 
as shown at the left. 


PHA5E A 



Fig. 3,142. — ^Three phase 10 pole 30 slot winding in three ranges The coils of each phase are 
alike, those of the A phase bemg all in the straight out range, those m the B phase, in a 
bent up range, and those in the C phase m a bent down range This arrangement has the 
disadvantage, that by reason of the third range, the heads requua excessive space In 
practice, one range is straight and the other two bent back 


different lengths, as shown in fig. 3,143, and bent so that they can 
lie behind one another. 

In the case of open slots the coils may be form wound and afterwards 
wedged into their places. 

In chain winding the adjacent coils link one another as in a chain (hence, 
the name); the winding is similar to a skew coil winding. This plan of 
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winding is supposed to have some advantage in keeping cc^s of different 
phases further separated than the two range plan. 



Figs. 3,144 and 3,145. — Nested, basket, or mush coil and a diam<md winding coil flowing 
difference between the two types. 

Diamond Winding. — By definition a diamond winding is one 
which is made up of similarly shaped overlapping coils which 
have V-shaped coil ends, so bent that approximately half of each 
coil end is on one side of the plane of the coil side and the other 
half of each coil end is on the other side of the plane tf the coil 
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side. The diamond uiinding is the real “ HE” winding of to-day 
and is the prevailing type. 

Qaes. What are the advantages of the diamond winding? 

Ans. A single adjustable form may be used for numerous 
size coils; it can be connected according to nearly any method; 
connections may be readily changed; coils easily insulated and 
assembled; coils and winding all. alike; repairs easily made. 




Figs. 3,146 to 3,148. — ^Views of a section of skew coil winding; so called on account of the 
skew 8hap)e given to the coil ends in order that all the coils may be of one shape 


Ques. How are the ends of a diamond coil shaped? 

Ans. They are bent so that the plane of the coil side does 
not bisect the coil end. 

Ques. What is a sharp bend at the middle of a diamond 
coil end called? 
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Ans. The knuckle. 

The coils of practically all two layer overlapping windings are provided 
with some sort of a knuckle. The function of the knuckle is to permit 
coil ends to properly cross each other. 

Skew Coil Winding. — In this t 3 T)e of winding the object is 
to shape the coils so that all may be of one pattern. This is 



F?g. 3,149. — Diagram showmg a spiral coil. This type of coil is one in which each successive 
turn hes entirely within the previous turn, startmg with the outermost turn of the ccmI. 
The successive turns of a spiral coil are thus not of the same size, and are not over*lappmg 
as in a "lap” coil. 


accomplished by making the ends skew shape as diown in figs. 
3,146 to 3,148. 

Assembled or Fed-in Winding.— This name is given to a type 
of winding possible with open or only partially closed slots, in 
which coils previously formed are introduced, only a few induc- 
tors at a time if necessary. They are iraerted into the slots from 
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the top, the slot be- 
ing provided with a 
lining of horn fibre 
or other suitable ma- 
terial, which is fin- 
nally closed over 
and secured in place 
by means of a 
wedge, or by some 
other suitable 
means. An exam- 
ple of a fed-in wind- 
ing is shown in fig. 
3,145. 

Spiral Winding. 

— This is a winding 
in which “spiral” 
coils, as shown in 
fig. 3,149, are used. 
The spiral form of 
coil is very exten- 
sively used for ar- 
mature windings of 
alternators. 

Impregnated or 
Mummified Wind- 
ing. — ^These words 
applied to a winding 
are used to express 
the ireatmentthe coils 
of the unndingreceive 
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in the making; that is, when a winding, after being covered 
with tape or other absorbent material, is saturated in an in- 
sulating compound and baked until the whole is solidified, it is 
said to be mummified. 

Shuttle Winding. — This type of winding consists of a single 
coil having a large number of turns, wound in two slots spaced 
180° apart. It was originally used on Siemens’ armature and 
is now used on magnetos, as shown in figs. 2,263 to 2,265. 

Turbine Alternator Winding.— For the reason that steam 
•■urbines run at so much higher speed than steam engines, the 



Fig. 3,152. — Westinghouse turbine alternator with end bell removed projection of 

armature winding. Owing to the large current each inductor oonsiat^ of a large number 
of insulated small wires to reduce the large eddy currenU that would eaWt if each inductor 
consisted of solid bars. 


2,114 



A. C. Windings 


I construction of armatures and wind' 
S ings for alternators intended to be 

direct connected to turbines must be 
3 1 quite different from those driven by 
g I steam engines. Accordingly, in order 
8.| that the frequency be not too high, 

I I turbine driven alternators must have 
g I very few poles — ^usually two or four, 
s § but rarely six. 



Fig. 3,153. — ^Westinghouse turbine alternator insulated 
field coil ready for installing in slots. The individual 
coils of the field winding^ are madeofcontinuouscopper 
strap, bent on edge and are held in the slots by means 
of bronze wedges. The conductors are insiila ted from 
each other with highly compressed continuous mica 
strip and the oomi^te coils are insulated from the core 
with a moulded pure mica cell . The end turns of the 
fidd winding are braced in both ctrcumferential and 
artfll directions by treated asbestos cloth blocks, hav- 
ing clearance to allow axial expansion without distor- 
tion from changes in temperature. The end turns are 
supported in the radial direction by retainer rings 
made from high grade spedafiy heated«treated con- 
tinu(»28 steel forgings. 
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Table of Frequency and Revolutions 








Fig. 3,156. — WestingboiMe general turbine alternator field. 



Fig. 3,157. — ^Diagram of General Electric turbine altematca* armature lead showing method 
of insulation. It is the usual practice fcsr the customei to insulate the coonection between 
the turbine generator armature terminals and the line cables. Insulate joints as follows 
to guard against trouble: 1, Smooth over the uneven surfiuxs of the joint and the temunalB 
with a paste in order to form a surface over which the insulating tape can be smoothly 
drawn; 2, staling each layer of tape at the bottom, insulate the terminals and joints with 
tai^]^ one half lapped of .012 in. vamkhed camMc applied with varnish to seal aU of 
the interstices, the number of tapings depending dpon the vdltage; 3, api^ one layer of 
.012 in. stay binding one half lapped and over thk five coats of moisture proof varnish; 
4, do not support more than five feet of station cables on these terminals. 
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From the table, it is evident that a large number of poles is 
not permissAle, considering the high speed at which the tur- 
bine must be run. 

Ques. How is the high voltage obtained with so few poles? 

Ans. There must be either numerous inductors per slot or 
numerous slots per pole. 

Ques. What form of armature is generally used? 

Ans. A stationary armature. 

Ques. What difficulty is experienced with revolving arma- 
tures? 

Ans. The centrifugal force being considerable cm account 
of the high speed, requires specially strong construction to resist 
it, consequently closed or nearly closed slots must be used. 

Ques. How is the design of the rotor modified so as to re- 
duce the centrifugal force? 

Ans. It is made long and of small diameter. 

TEST QUESTIONS 

1. How are a.c. windings usually described? 

2. Give a classification of a.c. windings 

3. What is the meaning of the terms lap and wave as 

applied to a.c. windings? 

4. What is the difference between a naif coil and a whole 

coil winding? 

5. What is a concentrated or unit coil winding? 
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6 . What are the features of a concentrated winding'’ 

1 . Describe a distributed or multi-coil winding 

8 . In a distributed coil what is understood by the breadth 

of the coil? 

9 . How far is it advisable to spread distributed coils of 

a single phase alternator’’ 

10 . Derive the voltage formula for alternators. 

1 1 . What is the Kapp coefficient ’’ 

12 . What factors are included in the Kapp coefficient 

13 What is the difference between wire, strap and bar 

windings? 

14 How is a coil covered’’ 

15 . How are bar windings sometimes arranged’’ 

16 . What are the names given to single and multi-slot 

windings’ 

17 . Describe the arrangement of a two layer bar winding 

18 What other advantage besides obtaining a sine wave 

is secured by distributing a coil? 

19 Name some types of single phase winding 

20 . What is the advantage, if any, of a half coil winding? 

21 . How must the coils be constructed for two phase 

windings? 

22. How are three phase coils made and assembled’ 

23 . What is the difference between a one range, two range, 

and three range winding’ 

24 . What is a skew coil winding? 

25 . Describe: 1, fed-in, 2, spiral, 3, impregnated or 

mummified, and 4, shuttle windings. 
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CHAPTER 67 

A. C. Windings 

2. Grouping of Phases 

In the diagrams of the preceding chapter the general ar- 
rangements of the coils on the armature are shown for the 
numerous classes of winding. In polyphase alternators the 
separate windings of the various phases may be grouped in 
two ways; 

1. Star connection; 

2. Delta connection. 

Ques. Describe the two phase star connection. 

Ans. In this method of grouping, the middle points of each 
of the two phases are united to a common junction M, and the 
four ends are brought out to four terminals a. a', b, b', as shown 
in fig. 3,158, or in the case of revolving armatures, to four slip 
rings. 


Ques. What does this arrangement give? 

Ans. It is practically equivalent to a four phase system. 

Ques. How is the two phase delta connection arranged? 
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Ans. In this style of grouping, the two phases are divided 
into two parts, and the four parts are connected up in cycUc 
order, the end of one to the beginning of the next, so as to form 
a square, the four comers of which are connected to the four 
terminals; this connection is obsolete. 

Ques. Describe a three pha.se star connection. 




Fig. 3,159 — ^Three phase winding with whole coils Two sides of adjacent coils come in one 
slot Number of coils per phase » number of pdes per phase. Total number of slots 
multiplied by number of poles per phase Whole coils require the ends arranged in three 
ranges as indicated The coils are concentrated 
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Ans. In three phase star grouping, one end of each of the 
three circuits is brought to a common jimction M, usually 
insulated, and the three other ends are connected to three ter- 
minals a, b, c, as shown in fig. 3,160, or in the case of revolving 
armatures to three slip rings. 

Ques. What other name is given to this connection, and 
why? 

Ans. It is commonly called a Y connection or g^ol^ping 



Fks. 3,160 — Dia^;ravn of three phase star grouping, commonly called Y groujnng owing toita 
resemblance of the letter Y. The current in each mam is obviously equal to the current 
in each phase wlndmg, but the terminal {pressure is the vector sum of the preasures in the 
component phase windings, that is, V 3 multiplied by the pressure m c«ie phase 


owing to the resemblance of its diagrammatic representation 
to the letter Y. 

Ques. How is a three phase delta connection arranged? 

Ans. The three circuits are connected up together in. the 
fOTm of a triangle, the three comers are connected to the three 
terminals, a, b, c, as shown in fig. 3,163, or in the case of re- 
volving armatures to three slip rings. 
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Ques. In three phase star grouping, what is the point 
where the phases join, caUed? 

Ans. The star point. 

Ques. In a three phase star connected alternator what is 
the voltage between any two collector rings? 

Ans. il is equal to the voltage generated per phase multiplied 
by V3 or 1.732. 


O 



Fig 3,163. — Diagram of three phase mesh grouping, commonly called delta groupmg owing 
to Its resemblance to the Greek letter A The voltage at the terminals is equal to the volt- 
age in one phase, and the current m each hne is equal to the vector sum of the currents 
m two phases, that is, it is equal to “^3 multiphed by the current in one phase 


Ques. In a three phase star connected alternator what 
is the value of the current in each line? 

Ans. The same as the ciurent in each phase winding. 

Ques. What is the value of the total output in watts of a 
star connected alternator? 

Ans. It is equal to the sum of the outputs of each of the 
three phases. When working on a non-inductive load, the 
total output of a star connected alternator is equal to V 3 multi- 
plied by the product of the line current and line voltage. 
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Ques. What is the ralue of the line voltage in a three 
phase delta connected alternator? 

Ans. It is equal to the voltage generated in each phase. 

Ques. What is the value of the line ciu-rent in a threvi 
phase delta connected alternator? 



Fig 3,164. — Radial diagram of three phase tap windmg with star connection 

An^ It is equal to the current in each phase multiplied 
by V3. 

Ques. What is the total output of a three phase delta con> 
nected alternator working on a n<Hi-indnctive load? 
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Ans. The total watts is equal to ^3 multiplied by the 
product of the line current and the line voltage. 

Ques. What are the features of the star comiectiiHi? 

Ans. It gives a higher line voltage than the delta connection 



Fig 3,165 — Radial diagram of three phaae wave windmg with star coonectioo. 

for the same pressure generated per phase, hence it is suited for 
machines of high voltage and moderate current. 

The delta connection gives a lower line voltage than the star connectuHi 
for the pressure generated per phase, and cuts down the current in the 
inductors; since the inductors, on this account, may be reduced in siac, the 
delta connection is adapted to machines of large current output. 
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Ques. How is the path and value of currents in a delta 
connected armature determined? 

Ans. Starting with the inductors of one phase opposite the 
middle of the poles, assume the maximum current to be induced 




Figs 3,166 and 3,167. — Gramme rtHg armatures showing three phase star and delta con- 
nections, respectively, with direction of currents m the coils. In the figures, the coils A, 
B, C, are spaced at equidistant positions on the rmg core. The arrow heads represent 
the directions of the mduced pressures or currents for the position shown, the rotation 
being clockwise. In coil A, the pressure is increasmg, in coil B, it is dimmishing, but is in 
the same direction as m A, whereas in coil C, it is also diminishing, but ia in the opposite 
direction to what it is m coils A and B. As the rings rotate the three coils have similar 
alternations of pressure induced m them, but differ in phase. If a, b and c, be jomed to 
collector rmga three phase currents can be supplied to the outer circuits. In fig. 3,166 at 
the instant represent^ a and b, are giving their current to their lines, while c, is receivmg 
from its line a current equal to the sum of a and b. In hg. 3,167, at the mstant represented, 
the currents sent out from a, will be equal to the sum of the currents to x and y, and inter- 
mediate between them in phase. The current from b, will be equal to the difference of the 
currents in a and y, and of intermediate phase, while similarly the current received by c, 
will be equal to the sum of the currents in x aiul t. 
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Fig 3,169 — Diagram of Y connection with a common return wire When the three lines 
leadmg from a, b and c, are equal in resistance and reactance, or m other words when the 
system is balanced, the currents of the three phases are equal and are 120® apart m phase 
(each current laggmg behmd its pressure by the same amount as the others) and their sum 
is at each mstant equal to zero In this case the resultant current being equal to zero there 
18 no need of a common return wire. However, m some cases, where power is distributed 
from transformers or three wu-e systems, the different branches are liabfe to become im- 
balanced. Under such circumstances the common return wire is sotnetiiDes tned, being 
made large enough to take care of the maximum unbalancing that may oc citf i n operation. 
The return wire it used sometimes on alternators that furnish current mostly for lighting 
wortc 


2,128 


Grouping of Phases 


at this moment; then but one-half of the same value of current 
will be induced at the same moment in the other two phases, 
and its path and value will best be shown by aid of fig. 3 , 168 , 
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Fic;, 3,170, — Diagram of Westinghouse three i^ase composite wound alternator. The arma- 
ture inductors are of the closed coil or delta connected type, but are tapped at three points 
per pair of poles to the three collector rings. All three connections between the armature 
coils and the collector rings run through primary circuits of the series transformer within 
the armature, these three primaries each giving their own effect upon the secondary. Since 
the resultant of three equal alternating electric pressures 120® apart is zero, so that 
some special arrangement must be adopted to make these pressures act with, instead of 
against each other. The arrangement is a reversal of the connection of one of the primaries 
of the series transformer. This is shown in the case of the lowest psimary indicated in 
the diagram. 


in which X, may be taken as the middle collector ring, and the 
maximum current to be flowing from X, toward Z. It will be 
seen that no ctirrent is coming in through the line Y, but part of 
the current at Z, will have been induced in the branches h 
and c. 

Ques. Since most three phase windings can be connected 
either Y or delta, what should be noted as to the effects pro- 
duced? 
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Ans. With the same winding, the delta connection will 
stand 1.732 as much current as the Y connection, but will give 
only 1-^1.732 or .577 as much voltage. 


TEST QUESTIONS 


1 . What are the two ways of grouping a c. windings? 

2 Describe the two phase star connection 

3 Describe the two phase delta connection 

4 Describe the three phase star connection 

5 Describe the three phase delta connection 

6 In three phase star grouping, what is the point where 

the phases join, called'^ 

1 In a three phase star connected alternator what is the 
value of the current in each line’’ 

8 What is the value of the total output in watts of a 

star connected alternator? 

9 Give voltage, current, and power values of the delta 

connection three phase 

10 What are the features of the star connection? 

1 1 . How is the path and value of current in a delta con- 

nected armature determined? 

12. Draw diagram showing determination of path and 

value of current flowing in delta connected armature. 
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13 . Draw diagram of Y connection with a common return 

wire. 

14 . Draw diagram of a three phase composite wound aP 

ternator. 

15 . Since most three phase windings can be connected 

either Y or delta what should be noted as to the ef- 
fects pr^uced? 
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CHAPTER 68 

Winding A. C. Motors 

The winding instructions given in this chapter relate to the 
familiar types of a.c. motor most frequently met with in re- 
pair shops. 

There are several methods of winding the field coils of small 
single or split phase motors, which are in common use: 

1. Skein winding 

2. Mould winding 

3. Hand winding 

OperatioBs Preliminary to Winding. — The following opera- 
tions should be carefully performed before starting to wind. 

1. The coil and insulating materials comprising the windings that go 
into a slot are usually so proportioned that they completely fill the slots. 
Hence if any foreign substance were to remain lodged in the slot at the 
time of winding, it would not leave room for the coil, and an attempt to 
drive the coil home would probably result disastrously. Therefore, the 
first step in winding should be a detailed inspection of each slot for foreign 
substances and irregularities of punchings. 

2. Blow all dirt out of the slots with compressed air. 

3. Examine the core on both faces for flared out punchings or retairpng 
fingers. If any be found, drive them back until the core is eVen and 
straight on both sides. 

4. By the location of the terminal block, determine on which dde of 
the core the coil leads should be wound. 
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5. Mark the slots (top and bottom) indicating the proper throw for the 
first coil. 

6. If the grouping be irregular, mark all the slots into which the bot- 
toms of the phase coils are to be placed. 

7. The windings should always make a tight fit in the slots. In cases 
where the coil with the customary slot insulation does not make a tight 
fit, side fillers, bottom fillers or spacing pieces of insulating materials must 



Fig. 3,171. — Master polyphase squirrel cage motor laminated field core with slot insulation 
in place. 


be used. In order to determine the exact amount of filler needed, try the 
winding out in one slot. All filler needed in depth should be placed in the 
bottom of the slot, or between the top and bottom parts of the coils, in 
order to bring the winding as near to the bore as possible. 

From this point on, the procedure will vary, depending on whether the 
stator has open slots or partially closed slots. 

# 

Slot Insulation. — Several methods of insulating the slots of 
small motors are in use at the present time, the principal ones 
being: 


1. Fish paper cell only. 

2. Fish paper and treated cloth cells. 

3. Combination cells only. 

When a fish paper cell only is used it should be 
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Fig. 3.172.— Section of Lincoln fidd lamination with oik a»l In v^ace showing intulatkxt. 
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be Inserted in the top of the slot under the teeth and between the teeth 
and the fish paper cell. This fibre wedge should extend about one-eighth 
inch beyond the punchings. 

The starting winding of split phase motors should be insulated in the 
slots from the main winding by a fibre strip, as wide as the slot, or by 
an additional fish paper cell. Where an additional cell is used, the first 
fish paper cell into which the main winding is wound should be folded 
over and the second fish paper cell placed on top. 



Fig. 3,173.— Lincoln polyphase induction motor construction illustrating {^lase insulation. 
In every polyphase induction motor there are sets of windings or coils, each carrying a 
different phase of current. A large percentage of the failures or “bum cuts” in field windings 
come at the points where these different phase windings cross each other. Accordingly at 
the points where the diffwent phases approach each other, insulation is provided to with- 
stand considerably hig^r voltage. 


The Starting winding should be insulated from the main winding on the 
ends with drilling or light canvas in case considerable shaping be necessary 
to form the windings. Where shaping of the end windings is not neces- 
sary, no insulation is required between the main and starting windings 
except that provided on the individual wires and by the insulating var- 
nish which is applied to the ccwnpletely wound stator. 
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When a fish paper cell and a treated cloth cell are used, the 
fish paper cell is usually not more than 10 mils thick and is 
required merely to prevent the iron pimcturing the treated 
cloth. 

This fish paper cell is the same size and shape as the one descnbed 
above. The treated cloth cell, however, extends through the slot opemng 
toward the center about three-fourths inch to one inch. After the wires 
are inserted the treated cloth cell should be cut off flush with the slot and 
folded over, and the fibre wedge inserted as described. 

The starting winding should be insulated from the main winding where 
it is wound in the same slot with the mam winding the same as described 
above except use a treated cloth cell in addition to the fish paper cell . 
The starting winding is insulated from the mam winding on the ends as 
described. 

When a combination cell is used the procedure is the same 
as for the fish paper cell. 

A combination cell generally consists of a piece of fish paper to which 
varnished cambnc has been attached by means of vamiki. The com- 
bination cdl should be inserted so that the fish paper side is next to the iron . 

When necessary all end windings should be laced and in some cases where 
the end windings are bulky they should be taped from iron to iron with 
linen tape. 

All small motors should be dipped in vzimish and baked, 
after they are completely woimd and insulated. 

Any good grade ot insulating varnish which does not bake too hard will 
be satisfactory. Some insulating varnishes require a longer time to bake 
than others, and some require higher temperatures than others, but in no 
case should the temperature exceed 129® C., and the length of the baking 

time should never be less than four hours. 

* 

Before immersing the wound primary into the insuiat^ varnish it 
should be kept heated for several hours at 50® C. to permit it to dry out 
thoroughly. It ^ould then be immersed immediately into the insulating 
varnish and allowed to remain there until bubbles cease to rise. 
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Skein Winding.— In this method of winding, a skein of wires 
is looped a number of times through the slots to form one pole. 
Thus, the total number of turns per pole is a multiple of the 
number of tiums in the skein. 


The mtiltiide depends upon the number of times the skem is looped 
through the slots and the number of slots used per pole. 




When rewind- 
ing a skein 
wound motor the 
number of times 
the skein is 
looped through 
each slot should 
be noted, the 
length of the 
skein measured 
and the Turns 
counted. 


In case the 
skein length be 
not obtainable 
directly from 
the old winding, 
it may be calcu- 
lated from the 
dimensions of 
the primary core 
by considering 
the mean diam- 
eter D, of the 


Fig. 3,174. — ^Adjustable shuttle or skein winder showing operation of winding a skein cor- 
responding to fig. 3,175. 

Fig. 3,175. — ^Skein placed in slots and half twist talon ready for the second operation. 
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winding to be the distance from center to center of diamet- 
rically opposite slots, as indicated in fig. 3 , 177 . 


Using this value of D, the pole pitch at the slot centers is calculated 
from the formula: 

. , TT D 
polep,tch=^ 

This distance is then laid out as a development; the slot centers are in- 
dicated by dots on this line and the probable mean line of each loop is 



Pig. 3.170.— 'Winding head for winding skeins. The double grooving permits winding two skeins 
of the same size or one split skein. When the skein is over H in. square and of wire larger 
than No. 19, it should be wound in two sections. Note that the win^g mould is i^t 
through the center so as to be adjustable fot different sizes of skeins. 


drawn, as in fig. 3,179, assuming the probable coil extension E, fig,. 3,177. 
The lengths Li, Li, U, L*, are measured, and eadi length is mult^ilied by 
the number of times the skein is looped through the slots for that length. 
Then these products are added together, and the sum is multiplied by two 
to include the extensicais on the other side of the core. To this total is 
added the product of core widtn by the number of times the skein bm\dle 
crosses the core. This gives the total skein perimeter. 
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A trial skein with the required number of turns should first be madt 
and wound, and the length corrected, if necessary, for the remaining 
skeins. After a little experience, corrections will usually be unnecessary 

Another method of determining the skein length or perimetei 
is by trial with a single wire. 

This wire should be laid in the slots just as the skein of wire would be 



Figs. 3, t77 and 3,178. — Shape of connecting coils for single phase motors 



Fig. 3,179^DSa^ram illustrating method of determining length of loops. 

inserted, making proper allowance for the bundle of wires the single wire 
represents. Then this wire is removed and measured; one skein is wound 
for trial and correction is made, if necessary, for the succeeding skeins. 

The distribution of the windings in the slots varies with the 
design of the motor and depends upon the number of slots and 
the number of poles. 
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Figs. 3,180 to 3,190. Detail of slots and skein showing progressively the method of winding a skein with distribution as specified 
in the upper table on page 2,139. 




Winding A. C. Motors 


2,141 


A half twist is next made in the skein, as shown in fig. and the 

long end of the loop is then passed through the core and the sides are 
threaded into slots 3 and 8, as shown in fig. 3,182. The winding should 
be pressed firmly against the side of the core 

The half twist is repeated, as shown in fig. 3,183, but the twist should 
be made in the opposite direction to the first twist. 

Throughout the winding, the half twists should be alternated in direc- 
tion so as not to snarl the winding on the last loop. The loop is then laid 



Fig. 3,191. — Field onre showing one pole completely wound corresponding to fig. 3»ld0. 



Pig. 3,192. — Diagram showing comi^eted main field slBein winding with each pote woimd as 
shown progressively in figs. 3,180 to 3,190. 
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back in slots 3 and 8 for the second time, as in fig. 3,184. The half twist 
shown in fig. 3,185 is then made and the loop laid in slots 2 and 9, as in 
fig. 3,186. Again a half twist is given, fig. 3,187, and the skein is laid 
back in slots 2 and 9 for the second time, as shown in fig. 3,188. Another 
half twist, shown in fig. 3,189, is made and the skein is threaded into slots 
1 and 10, fig. 3,190, thus completing the winding of one pole. It is im- 
portant that the direction of the half twists be alternate to obtain a 
smooth winding and to avoid difficulty on the last part of the loop. 

The winding of the second and remaining poles is performed 
exactly the same as that of the first. 


The completed winding for a [our pole, 36 slot motor is shown in fig. 3,202. 



Pot repulsion induction and repulsion starting, induction 
running motors, the primary winding is complete as shown in 
fig. 3,202, and the coils are connected together as shown in 
fig. 3,197. 

Four leads are usually brought out so that these motors may be ccm- 
nected externally for either 330 or 110 volts. 
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For single phase squirrel 
c£^e motors the starting 
winding is displaced 90 elec- 
trical degreefj from the main 
winding, or in other words, 
the pole centers of the start- 
ing winding are located mid- 
way between the pole centers 
of the main winding, hte 
distribution and the lengUr 
of the skein must be deter- 
mined as explained fot the 
main winding. 

The starting winding is es- 
sentially a resistance wind- 
ing. As it is important that 
its resistance in tiie re-wound 
motor be the same as it was 
ori^nally, the length of ^ 
skein should be carefully 
determined. The distribu- 
tion of both the main and 
starting winding and the 
number of times the skein 
bundle passes through each 
slot are shown in fig.;’ ^^96. 

The main atk^ ^iaxting 
winding coils slwtildi^be con- 
nected together as shown in 
fig. 3,197 or fig. 3,19S: "The 
particular diagram to be 
used depends upon whether 
the winding is to be connect- 
ed in series or in series-par- 
allel for the circuit on which 
the motor is to operate. 

It will be noted in fig. 
3,196 that the poles lap in 
slots 1, 10, 19, and 28 for 
the main winding. This is 
not essential depends 
upon circumstances. The 
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Winding in the particular motor selected, for the example could have been 
distributed as indicated in 2nd table page 2, 139, but in t^t case the starting 
winding would not have as advantageous a distribution as in the first table, 
and a smaller size of wire would probably be required for the main winding 
because the number of wires per slot would be higher for the same effective 
number* of turns and, consequently, the copper loss would be higher. 
Under some conditions, however, and with other pole and slot combina- 
tions, it is often advantageous to distribute the winding so that adjacent 
main poles do not lap. 


Mould and Hand Winding.— The mould winding method is 
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sometimes employed in winding small motors of the induction 
type. It takes its name from the fact that the pole , coils are 
first wound on a mould, and then placed in the slots.*^ 


In most cases one pole set of coils is wound together so that individual 
coils do not have to be connected together after being placed in the slots. 
As far as the final results are concerned, the mould type of winding has 
the same general appearance as the hand type. Any mould wound small 
motor can be hand wound, that is, one wire at a time wound in by haiKi, 
when it is repaired. The winding diagram of both the mould wound and 
the hand wound motors is the same, and is shown in fig. 3,202 for the 
main winding. 



The starting windings 
of motors with either 
mould wound or hand 


FV 3 . 3,199. — ^thod of winding 
split skein in the alota. First 
or bottom section is shown 
twisted and being wound into 
the slots first to rednoe the 
piling up of the ends. 
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Fig. 3,200. — Method of hand winding show- 
ing how a loop of wire is slipped through 
the opening and into the slot. A skein 
winding may be put on in the same 
manner, but requires more experience. 
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wound main windings are generally skein wound, although they too may 
be mould wound, but they should not be hand wound because the resist- 
ance of the starting winding is very important, and in the case of a hand 
winding, would vary too much. 

In case the starting winding is skein wound, the procedure is the same 
as described above. 

When the starting winding is mould wound, and no mould is available 
for rewinding, it is necessary to measure the entire length of the starting 
winding coil of one pole of the motor to be rewound and to wind that 
same amount of wire into the slots. 

The split phase, cage wound and single phase internal resistance motors 
most commonly encountered have two, four or six poles. The four pole, 
36 slot winding and connecting diagrams have been given in connection 



Fic. .3,202.^ — Diagram of main winding for ixuiuld or hand winding. 


with the description of the method of winding. Two and six pole winding 
distributions and connections are shown on pages 2,148 and 2,149. 


Open Slot Winding. — Coils for an open slot winding usually 
are fully instilated and treated with varnish before winding, 
'rhey are of two kinds: 

1. Phase coils 

2. Plain coils 

The phase coils differ from the plain ones only in tiiat tiiey 
are more heavily insulated on the ends to withstand the voltage 
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Winding Table for 2 Pole 24 Slot Motor 
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/ 1C. 3,207 — Diagram showing connections for a 2 pole repulskm-mductiofi motor, 
3,208 — Diagram showing connections for a 6 pole repulsion-induction motor 
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between groups, which is much higher than the voltage be 



They are usually taped with colored 
tape or otherwise marked todistinguish 
them from the plain coils. Coils which 
have been fully insulated and treated 
before winding are rather delicate and 
are liable to have their insulating qual- 
ities impaired or broken down com- 
pletely by careless or rough handling, 
or by unskilled workmanship. Such 
coils are heavily insulated on their 
straight parts, that is, on those parts 
of the coil that are put into the slot 
This insulation furthermore is of such 
nature that it will not stand being dis 
turbed either by bending, pounding or 
abrasion. 


Fig. 3,209. — Open slot wiui lish paper cell in place. 


The insulation on the coil ends is more pliable and will stand 
a reasonable amoimt ol bending. 

For best results, therefore, the coils must be assembled into the slots 
without excessive pounding; without scraping the coils against the slots; 
and without bending their straight parts. To avoid the first, regulate 
the tightness of the coils in the slot to a nice driving fit by means of fillers 
— 2i coil which is too loose is almost as undesirable as one which is too tight, 
as any movement of the coil in the slot during operation will inevitably 
weakm the insulation. 

To prevent scraping the coil against the rough sides of the 
slot, use a thin fidi paper winding cell, as shown in fig. 3,209. 




Winding A. C. Motors 


2,151 


Rub paramne on the inside of this winding cell, and also on the coil. 
This will act as a lubncant and enable the coil to slide into the slot with- 
out damage. Such winding cells must be suffiaently thick to take up ir- 
regulanties in the slot and of rather stiff matenal. They must be placed 
in the slot directly against the iron and not inside of the filler, so that the 
faction between the cell and the wall of the slot will be greater than the 
faction between the cell and the coil. Otherwise, the cell would not stand 



Ft., 3,210 — \vrong method of inserting coil 


up. but would go down with the coil 
as shown in fig. 3,210, and crumple 
up in the bottom of the ^ot, taking 
up room that has not been allowed 
for 

To gTiard against bending of 
the straight part of the coil, 
avoid driving the coil into the 
slot with the face of the mallet 
directly. 


showmg buckling of fish paper ceil. 


Always use a fibre winding drift of the proper length and width over the 
coil to distribute the blow. Start the coil into the slot with the straight 
part equally spaced on each side of the core. 

If the coil fit properly, it cannot be moved lengthwise in the slot after 
it has been driven to the bottom. Equal spacing on both ends of the core 
is essential because the heavy insulation ends at the first bend; and if the 
extensions of the straight part of the coil at the ends of the slot be not equal, 
the insulation may break down to ground on the short side. 

After the slots, into which the phase coils and the first coil are to be 
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wound, have been marked off and after proper fillers have been determined 
to give the correct windmg fit, proceed by inserting the winding cell and 
fillers into the slot into which the bottom or shorter straight part of the 
first coil is to go. 



Get the first coil started into 
the top of the slot with the lead 
toward the proper side of the 
frame, then drive it down to 
the bottom part of the slot by 
means of the fibre slot drift 
and mallet. Enter the top part 
of the first coil into its proper 
slot, but do not drive it down, 
because it will have to be raised 
up later in order to put in the 
last coils. 


All the first coils whose 
top parts go into slots tem- 
porarily, as in fig. 3,212, 
are called “throw coils,” 
and their number equals the 
throw of the winduig minus 
one. 


Fig. 3,211.-<-Slot with coils inserted showing trimming of slot cell. 


For instance, if the throw of the winding be 1 to 10, there will be 9 
coils in the throw. 

Having completed the throw, proceed with winding plain 
and idiase coils in the order indicated by the layout, until the 
first throw coil from the other way is reached. Then raise the 
uf^r parts of all the throw coils out of the slot just high 
enough to enable the last coils to be inserted as drown in fig. 
3.213. 
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Raising them too high is liable to injure the coils. 

After all coils are wound, drive them down tightly in the 
slots with a fibre slot drift and mallet and trim off the projecting 
parts of the winding cell, as shown in fig. 3,211. 

Care must be taken that the coils are not injured in this operation. If 
there be room in the slot the cells may be trimmed high enough to permit 
folding them over the coil; otherwise they should be trimmed even with 
the bottom of the wedge grooves. 



Fig. 3,212. — ^Detail of core showing throw coils in temporary position. The slots which are 
to receive the phase coils should be marked with chalk. 


The winding is now ready for wedging. 

This is best done with a wedge driver. If the iron section be wider 
than six inches, two or more wedges are used i)er slot. For best results 
the wedges should be chamfered at the lower entering end to prevent 


NOTE. — A phoMe coil is the first coil and the last coil of coil groups in an overlapping 
Dolyphase winding. The intervening coils are called throw coHm. 
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damaging the coils. They should not project more than % in. out of the 
slot, as a longer projection is apt to curl up and rap on the rotor. 

The winding must now be tested for soundness of ins ulation 
between p^ses and to ground. 

This is done by scraping the insulation from the ends of all the coil 
leads and connecting all the coils in each phase together with bare copper 
wire. Care should be exercised that no lead touches the frame or bridges 



Fig. 3,213. — ^Throw coils raised high enough to permit inserting the last coils. 

across between phases. Then touch the terminals of the testing trans- 
former to any two phases simultaneously, repeating these tests until all 
phases have been tested to one another. Then touch the testing ter- 
minals to each phase and ground simultaneously. 

In case of a breakdown to ground do not patch the winding by driving 
insulating materials past the coil into the slot, but remove the grounded 
coil and properly repair it or replace with another. The removing of a 
coil is the reverse proceeding — step by step, of placing the last coil in the 
original operation. 






Winding A. C. Motors 


2,155 


Metal Wedges.— In case magnetic wedges be used, certmn 
precautions are necessary. These wedges consist of two strips 
of steel held in place at the top of the slot by a strip of brass. 
The steel parts lie in the wedge grooves and the brass part in 
a recess formed by the two steel pieces as shown in fig. 3,214. 
The whole is insulated from the punchings by a thickness of 
fish paper. The grooves which are to receive the metal wedges 
must be straightened, not filed, until smooth and even, and 



Fig. 3 , 214 . — Cross section through a magnetic wedge. 


the winding must lie in the slots solidly and low enough to 
permit the insertion of the wedges. 

Up to seven inches width of iron, the steel part of the wedge is of one 
piece, bent into the shape of a hair pin. and spread with a single piece of 
brass. For wider iron, two separate steel wedge pieces are used, one for 
each side. 

The steel parts should extend about H inch beyond the skie of the slot 
on each end. Two brass spreaders are u^ whose combing length equals 
the width of the core, and these are drivon in from opposite mdes. 
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Before inserting the wedges, apply a coating of heavy shellac to the grooves 
and insert a piece of fish paper so folded that it wiU-cover the top of the 
winding, extend into each groove and project above the too of the slot 
about one-half inch. 

Insert the steel wedge into the fish paper cell and with a knife or screw 
driver spread it open enough on one end to start the brass piece The 
latter is then driven with a wedge driver until its end is even with the 
ends of the steel; a commutator punch or special tool is then used to drive 
the brass even with the edge of the core. 



Wedge every other slot, keeping the eyes off the hair pin, if the steel be 
in one piece, on the same side of the yoke. 

After half the slots are filled as just described, begin wedging 
the remaining slots by placing the steel wedges with the eyelets 
on the opposite side of the core. 

When the first wedge in the second round has been driven, it can be 
tested for tightness, as the wedges on either side will prevent the teeth 
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from bending. This is done by placing a finger across the slot, so that 
it covers not only the wedge in that slot, but also the tooth on either side. 
Then strike a gentle blow on the wedge with the peen of a riveting hammer 
or similar tool. A jar indicates looseness, which is remedied by removing 
the wedge and using heavier fish paper or a double thickness of fish paper 
for insulation in all slots yet to be wedged. 

The proper thickness of paper having been determined, pro- 
ceed to fill the remaining slots imtil the wedging is completed. 
The brass parts of the wedges are then even with the edge of 



Fig. 3,216.— Coil grounded on core. Should two grounds occur simultaneously, as for ex-< 
ample at H, and D, a short circuit would be formed in the loop, and if the normal voltage 
remained cm the motor, this short-circuited turn would imm^iately become hot enough 
to destroy the insulation on the complete coil. 

the core, while the steel parts extend beyond both the core 
and the brass. This extension should be nicked or clinched to 
prevent the brass pieces backing out. 

If the brass be in two pieces they should be soldered together m the 
middle, thus cc«npleting the operation. The fish paper that extends out 
of the slot into the bore is now trimmed even with the wedge with the 
roimded end of a knife. The wedges are then ready for testing for their 
insulation fiom the iron. This is done by means of a 110 vc4t test circuit 
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with a lamp in series, holding the terminals of one line on the iron and 
the other on the wedge. 

Partially Closed Slot Winding. — The coils for this class of 
winding are usually uninsulated, except for the cotton covering 
on the individual wires. They are all of one kind when they 
come to the winder, that is, there is no difference between 
plain and phase coils, as in the case of the open slot windings; 



Fig. 3,217. — ^Linccto field core showing partially enclosed slot used in the smaller motors. 
The object is to give a more even distribution of the magnetic flux or field and thus obtain 
better operation. The coils are wound on pins and stretched to shape. The ends, or ex- 
poted parts, are fully taped, and this tape is extended so that when coils are placed in the 
core, the tape extended clear into the iron leaving no wire exposed. The insulating varnish 
seals the wire at points where it enters the slot. The coils are insulated and protected from 
the core laminae by a cell of horn fibre placed in the idot. After the coils are put inside 
the fibre cells in the lamination slot, the sides of the cells are bent over and a shaped 
piece of insulating filwre is inserted over the whole assemWv. On top of this are driven 
fibre wedges which hold all securely in place. 


NOTE, — ^The discriminating buyer of motors can always avoid future trouble if he will 
inspect the motor to see if ends be fuHy taped and tape extends clear into the iron so that 
no wire is exposed. 
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but, according to the service requirements, the design may call 
for the winder to differentiate between the plain and phase 
coils by one of the following methods: 


1 . 

2 . 


Tape those coils that start and end a group. 


Tape all coils, with extra taping on the ^hase coils. 



Fig. 3,218. — Lincoln partly wound field on ccktc having partially enclosed slots. Begin at 
the top coil and follow the orocess of inaerting the coils. 


6. Tape no coils, but place insulating material (usually treated 
cloth), tetween the ends of the phase coils. 

4. Place insulating material between the ends of all coils and 
a double thickness between phase coils. 
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In a two coil per slot winding with partially closed slots, the 
coils are wound or pulled to finished shape, their individual 
turns being held together by bands of light but strong twine. 

These bands are placed at the points where the leads leave the coil, and 
thus serve the additional purpose of anchoring the leads to the coil. As 
the coils in a wir^fiing of this type are uninsulated at the start, the insula- 
tion to ground is applied to the slot in the form of a winding cell, which 
lines the slot completely with the exception of a narrow opening corres- 
ponding to the opening in the slot. 

For best results this cell must meet the following require- 
ments: 

1. Possess the proper insulating qualities. 

2. Have sufficient mechanical strength. 

3. Fit the slot perfectly. 

4. Have a proper seal at the top of the slot. 

5. Have a sufficient extension beyond the iron on both ends. 

Requirements 1 and 2 are met by making the cells from a 
combination of treated cloth and fish paper, the former sup- 
plying the insulating qualities, while the latter funush the de- 
sired mechanical strength. 

The ‘two materials can be assembled in a slot separately, or cemented 
together and formed into ,the cell as a unit. The latter method is the 
latest practice, being more economical of materials and slot room. 


Requirement 3 is met by forming the cells with dies designed 
to take care of each size of slot. 

The fit must be particularly good with respect to its width at the bot- 
tom of the slot — a poor fit here is sure to result in a break in the cell and 
consequent grounding of the winding. Leave the cells long enough to ex- 
tend at least three-eighths inch beyond the iron at the bottom of the slot, 
but short of the bend in the coil. If the cell extend beyond the bend of 
the coil, it will be tom during the winding. 
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Figs. 3,219 to 3,222.~<Slot deUils showiog: A, lipped cell and straight wedge; B, lipped wedge; 
C, both lipp^ and straight wedges: D, use of T drift. 


Also all slots that are to take the bottom parts of coils that are to be 
the beginnings and endings of groups should be marked. Cells should 
then be placed in all slots. 


Next take the throw coils (in niunber one less than the throw 
of the winding) and apply a temporary taping on the whole 
upper half, from the leads to the opposite extremity of the cml. 
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With the leads toward the proper side of the frame, proceed to thread 
the lower parts of the throw coils into the slots, the upper parts remainng 
m the bore to the last, being protected against damage by the temporary 
taping. 

The threading of coils into the slot is done one wire at a 
time, the first one being threaded through completely before 
starting on the second. 

This tends to keep the wires from crossing one another. Avoid bends 
and nicks as they take up slot room, while crossed wires may result in 
short arcuits. 


To make the wires slide past one another readily, rub the 
coils with paraffine. 

When the lower half of the coil is in the slot and the coil 
properly located with respect to the extension on both ends, 
insert the center strip, which should be slightly longer than 
the cell. 

It is important that, this strip shall properly separate the two coils in 
the slot. It should be as good an insulator as the insulation used between 
phases — ^usually being of the same material as the slot cell. This centei 
strip is tapped home with a T-drift. 


To keep the winding and center strip from getting out of 
place during further manipulations, insert a temporary wooden 
filling piece large enough to fill the rest of the slot. 

Depending upon the design, the portion of the coil outside 
of the slot is now taped before proceeding with the next one; 
or else left untaped and triangiilar pieces of treated cloth in- 
serted between adjacent coils and groups as they are wound. 
The first coil after the throw coils is threaded into both the 
top and bottom of the respective slots. 
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The top is inserted by taking out the temporary filling piece and thread- 
ing the wires into the slot as before, except that the spring in the wires 
already in the slot may necessitate an occasional tapping down with the 
T-drift, or packing the last wires with the fibre cell drift. 

When all the wires are in place, close the slot by one of the 
methods shown in figs. 3,219 to 3,221 according to the design, 
making sure that a seal has been established between the cell 
and the wedge. 



Fig. 3,223. — Wedge driver for lipped wedges. 

Fiat wedges are driven with the ordinary wedge driver as shown in fig. 
3,237. 

Lipped wedges are best driven with a specially shaped wedge driver, 
shown in fig. 3,223. The rest of the coils are then inserted, wedging and 
insulating them until the throw coils are reached. These are raised to 
clear the slots underneath them sufficiently to permit inserting the lower 
parts of the remaining coils. The temporary tape is then removed from 
the throw coils and they are threaded one by one into the tops of their 
respective slots. 

If the coils or groups be separated by insulating pieces, after 
the winding is completed, these shoidd be trinui^ oS even 
with the winding, as shown in fig. 3.211. 
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Connecting. — The connecting operation may be considered 
as consisting of three steps. 

1. Stubbing the groups 

2. The connecting proper 

3. The placing and securing of terminal leads. 

Each group starts and terminates with a phase coil, The 
stubbing operation consists of connecting all the coils of a 



Fig. 3.224. — Stub or connection between adjacent coils. 


group in series, the outer lead of each coil connecting to the 
inner lead of the adjacent coil. 

Then tap down with the drift or mallet any wires that may not lie in 
place. Make sure that the winding clears the bore and the bracket. Test 
for grounds and short circuits between phases in the same manner as de- 
scribed for open slot windings. 


After connecting, the stator is ready for treatment with 
varnish and baking. 
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The length of the stub, that is, the distance it is permitted to extend 
away from the coil, is determined by the clearance to the br^rket. The 
stub is made by scraping the wires clean with the scraper shown in fig. 
3,238 (J) and fastening tne inside lead of one coil to the outside lead of the 
adjacent coil by means of a copper sleeve connector, as shown in fig. 3,224. 
A suitable flux is then applied and the stub soldered, preferayy by pouring 
molten solder over it. A group thus connected will form a ccmtinuous 
circuit, beginning with the outer lead of one phase coil and tenninating 
with the inner lead of the other. 

The cross connections and terminal leads are connected to the groi^) 
ends in accordance with the connection diagram, using lap ioints which 
are held together either by sleeve connectors or by the wrapping of turns 
of small bare copper wire around the joints, which are soldered the same 
as the stubs. 



F iG . 3,225. — Century form wound pyramidal type coils. The pyramidal style of field wlndi^ is 
used in all Century polyphase motors, except two pole motors which for cnMtnirtioiiiit 
reasons are made with the diamond coil or lap style of winding. The coil# axe idaoed in 
partially doeed slots and held in place by retaining wedges. 

Fig. 3,226.— Century 3 ply insulating sheet. The slot insulation comista of aeveral layers 
of such insulating material as fish paper and varnished cambric. At all pointa where the 
coils extend from the core slots, they are protected and insulated from other by in> 
sulation composed of layers of varnished cambric and tape. All individnal coQ leads are 
insulated with varnished cambric tubes. The com{^ted field winding is satunted with 
msulating compound and baked. 


The stubs and connection joints should be freed from buns, and then 
thoroug^ily insulated according to the voltage with treated doth tape held 
in place with cotton or friction tape. 

The connecting wires and lead cables should then be laid down as neany 
parallel to one another, as possible on the outside of the end adnding, 
b«ng careful that ample clearance to the end iHHCket is provkied. They 
shot^ be tied in place by strong, light string. The twrafinal keds are 



Winding A. C. Motors 


2,166 


then brought out of the frame and cleated in place. They should be pro 
tect^ with insulating tubes where they are festened into the cleat. 

On testing the winding for rigidity on its front and reai 
extensions* it will be foxmd that the connections between ad- 
jacent coils and groups have a bracing effect on the front end 
which the rear end lacks. 

To secure tliis part of the winding against vibration it is brac^, in or- 
dinary industrial motors, by tying each coil securely to a heavily insul ited 
steel ring. All exposed parts of the winding can now be painted or sprayed 
with an air drying finishing varnish. 



Fig. 3,227.— Wrong way to remove a coU. Don’t use the lower coil as a fulcnun. 


RemoTing Coils. — In case it become necessary to remove a 
coil before the winding has been treated, and baked, proceed 
in the reverse order, step by step, from the original winding 
operation, considering the coil to be removed as the last one 
inserted, under the throw. 

Should a ^ have to be removed from a winding that has been treated 
and baked, it will be necessary to heat the winding in order to soften the 
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vamish. Saturating the part to be opened with paraffine helps to soften 
^ihe varnish. The coils should be removed while the winding is hot. 

For raising the wires out of the slot use a piece of thin fibre sharpened 
to the general shape of a screw driver. Metal tools will injure the cotton 
covering on the wires, and will necessitate tapping the wires, which usu- 
ally overcrowds the slot. 


Winding Tools. — There are certain tools which are essential 
to the successful winding of any type of machine. In addition 
to the^, certain types of winding require tools which have been 



especially developed to meet the specific needs . An experienced 
winder will in some cases develop his own tools, or at least 
modify them to meet his personal requirements. The tools 
illustrated in figs. 3,229 to ,3239 are, however, sufficient for 
most windings of a.c. stators. 

The following instructions for the proper use of tools should 
be carefully noted: 
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2. Pad the jaws of the pliers with tape, when using them to 
grasp insulation. 

Do not use pliers in place of a cold chisel. 

3. Use scissors solely to cut insulating cloth, and thin insu- 
lating materials. 

Avoid using scissors in place of pliers or scraper. Do not bend the 
points by prying with them, as they will cut poorly after being bent, no 
matter how sharp their edges. 



fiG. 3,240. — Martindale coil tampmg tool. 


4. Keep smooth all surfaces that come in contact with tha 
coil; nicks in a drift leave corresponding scars on the insulation 
when used in shaping the coil. 

Never use a steel hammer on that part of the drift that comes in con- 
tact with insulation in shaping the coil — ^use nothing but a rawhide mallet. 

5. Slot drifts should have flat square faces with their comers 
slightly rounded. Always use the same edge of the drift to 
pound on. This will leave the other edge smooth for contact 
with the coil. As the coil edge of the slot drift becomes rounded 
from use have it filed or groimd flat, as a flat edge offers the 
largest ^face and distributes the blow ova: the coil better. 
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^ways use the thickest possible drift, as a thick drift is easier on the 
coil than a thin one. Never use a piece of metal instead of fibre for a slot 
drift with which to drive the coil down into the slot. 

6. Keep the shaping drift smooth and free from nicks. Pound 
it only with a rawhide mallet. 

Do not use the fibre shaping drift on anything but coils, and insulating 
materials. 



-Fig, 3.24t. — Martindale wedge driver. 



Fig. 3,242. — Martindale insulation scraper. 


7. Use a fibre cell drift, and that only, for threading wires 
into a partially closed slot. 

Do not use a piece of metal for a cell drift. Do not pound on the fibre 
drift. 

8. The T-drift is used in packing the insulating spacer be- 
tween the top and bottom coils in partially closed slots. It 
should be used only on windings or insulating materials, as 
^ny other use might nick it, causing damage to the windings. 
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Do not stnke a hard blow on the T-drift as this will bend the shai^ 
and render the drift useless. 

9. Be sure the tongue of the wedge driver is square on the 
end which drives the wedge. An irregularly shaped tongue 
will drive improperly or damage the wedge. Wedge drivers 
with slot depths of and Hi in. should be available, and 

the size which most nearly fits the wedge should be used. 

Do not use the tongue of the wedge driver for a chisel or drift. 


TEST QUESTIONS 

1 . Name three kinds of windings used on a.c. motors. 

2. Describe some operations which should be done before 

winding. 

3. Name several methods of slot insulation. 

4. How should the starting wind.ing be insulated from 

the main winding? 

5 . What thicknesses of fish paper should be used for the 

various methods of slot insulation'^ 

6. What is skein winding? 

7. How is the length of skein determined for a given 

winding'^ 

8. Describe fully the operations performed in the skein 

winding. 

9. How are the leads brought out? 

10. Describe the method of mould and hand winding. 

1 1 . How are coils insulated for open slot winding? 

12. What is the difference between phase coils and throw 

coils? 
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13. How does the insulation differ in phase and throw 

coils? 

14. How is a coil prevented scraping against the rough 

sides of the slot'> 

15. What precaution should be taken in raising coils to 

insert the last coW^ 

16. How is a winding tested for soundness of insulation 

between phases and ground? 

17. If test show a ground, what should be done? 

18. What are metal wedges? 

19. What should be done before inserting wedges? 

20. When should the operation of putting in the wedges be 

started? 

21. How is a wedge tested for tightness? 

22. Describe fully the method of winding for partially 

closed slots. 

23. How is a coil threaded into a partially closed slot’’ 

24. How are partially closed slots closed? 

25. Give three operations in connecting. 

26. What should be done after connecting"^ 

27. How should a coil be removed"^ 

28. Why should the core be used as a fulcrum in removing 

a coil? 

29. What are the essential winding tools? 

30. Describe each tool and its proper use. 
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CHAPTER 69 

A. C. Winding Diagrams 

Key to Connections 

On account of the undue multiplicity of drawings that would 
be required in showing developed views of windings for the 
various numbers of poles, phases, slots, coils per slot, etc., 
various modes of representation have been devised to indicate 
the arrangement of windings without showing them in full 
detail. 

One method often used is the group diagram . In this the coils 
are “stubbed” or grouped into pole phase groups and then 
cross connected to form magnetic poles. 

To attempt to show “developed” windings, that is a picture 
of the actu^ coils rolled out flat for all possible numbers of 
poles, phases, slots, coils per slot, etc., would require a very 
large number of diagrams even for full pitch windings. 

The diagrams which follow have been selected and prepared 
for this work by the General Electric Co. 


note. — A, C. Winding t. The windings for a c motors and alternators are substantially 
alike and oft^ may be used for either machme. The winding of a smgle phase motor or alter- 
nator has only wie group of inductors per pole, placed m one slot or several slots dependmg 
upon whether or not the wmdmg is concentrated or distributed. Two phase and three f^se 
wind mgs may be cwisidered as made up of smgle phase wmdmgs properly placed on the same 
armature. For the two phase windings two separate single phase windings are used, spaced 
90 electrical degrees apart For the three phase wmdmg, three smgle phase wmdings are used , 
spaced 120 degrees apart. Although the smgle phase wmdmgs are independent of each other, 
their termmals are connected in star or delta. The spread or space occupied by each smgle 
phase wmdmg is known as the phase spread of the winding. For a two phase wmdmg the 
phase spread is (180 -i-2) or 90 degrees. For a three phase wmdmg it is (180 +3) or 60 de- 
grees. In a smgle phase windmg, the phase spread is theoretically 180 degrees. Nothing is 
gamed however by winding all the slots of a single phase machme. In practice only about 75 
per cent of the available slot space is utilized making the phase spread for a single phase wiivling 
about 135 electncal degrees. 
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Fig. 0,244 — 2 phase, 2 pole, 2 circuit. Connections between coil Ki^oupa only 
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Fig. 3,246 — 2 phase, 6 pole, 1 circuit. Connections between coil groups only. 
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Fig 3^9r — 2 i^baae. 6 pole, 6 circtut. Connections between coil groups ooly. 



Fig 3,250 . — 2 {diase, 8 pole, 4 circuit. Connections between coil groups only. 
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OUTSIDE AND INSIDE LEADS 
FROM SAME GROUP OF COILS 

Fir. 3,251 — 2 phase, 12 pole, 1 circuit. Connections between coil groups only 



Fig. 3,262 —2 phase, 12 pole. 3 circuit Cooncctiont between coU groups only. 
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Fi<^ 3,253 — 2 i^iaae, 20 pole, 1 circuit Ccmnections between coil groups only. 
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Fm. 3,265.-3 6 pole, 3 circuit Delta. 
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Tig 3J287 .—3 phaae. 12 pole, 12 aicuit Y. 
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CHAPTER 70 

Reconnecting A. C. Windings 

It frequently happens that machines are not suited to the 
conditions of the plant for which they are intended. This may 
be due to changes in the conditions, or to the purchase of a 
second hand machine designed for different conditions than 
those required. For instance, the voltage, speed, horse power,, 
etc. may be wrong and the machine must be changed if pos- 
sible to meet the requirements. 

There are some changes in the windings of an a.c. motor 
that can easily be made by a repairman, and also some which 
should not be attempted. Complicated changes should not be 
attempted except by men of experience. The operation of 
making such changes is known as reconnecting. 

By reconnecting the windings, a machine may be adapted 
to changes in 

1. Voltage; 

2. Frequency; 

3. Phase; 

4. Speed; 

5. Rotation. 

All changes in operating conditions may be reduced to terms 
of change in voltage and so considered. 

Preliminary Consideration. — Before any reconnection 
change is made, the adaptation of the motor to the proposed 
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change, as limited by its design, should be carefully considered 
these limitations of design to be considered are: 

1. Strength of the insulation. 

If the change be for higher voltage, is the insulation adequate? 

2. Cross section of cobper available to carry the current. 

There should be a sufficient number of coils in series to prevent the 
current rising above the safe carrying capacity of the winding. 

3. Cross section of iron available to carry the magnetic flux. 

4. Speed (r.p.m.) as limited by safe tangential velocity of 
rotor. 

The speed should be such that the tangential velocity at the surface 
of the rotor will not exceed 7,000 ft. per minute, that is 

3.1416Xrotor diameter X r.p.m. 

should not exceed 7,000. If so, the manufacturer of the motor should 
be consulted before making the proposed change. 

In reconnecting a winding, the current strength in the 
copper and flux density in the iron should remain the same. 
Asstuning the machine to be correctly designed, it will op- 
erate at best efficiency when the above conditions obtain. An 
increase of current or magnetic flux will cause the machine to 
overheat, and if decreased, the efficiency will be lowered. 

Voltage Changes. — Nearly all commercial motors are ar- 
ranged so that they can be reconnected for two voltages. 

To these changes, the polar groups are connected in series for the 
higher voltage and in pai^lel for the lower voltage. 

In changing to higher voltages it should be noted that motors as manu- 
factured are provided with insulation good for 550 volts or for 2,500 volts. 
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The capaaty of the insulation should accordingly be considered and no 
change be made beyond the capacity of the insulation. 

In making a voltage change, the voltage per coil or per turn 
must be approximately the same after reconnection as before. 


440 VOLTS 




-IIQ VOLTS- 


-IIO VOLTS- 


-110 VOLTS ■ 


no VOLTS — 


-e20 V0LT5- 


'110 VOLTS 


-no VOLTS 

KJB 




-no VOLTS- 



-110 VOLTS- 




COILS 



Figs. 3,925 to 3,927 — Various connections of windings such that the ventage per coil 
remains the same 


Thus, if a winding for a single phase 4 pole stator be designed to op- 
erate at 440 volts when the 4 coiis which form the i»les are connected 
in series, as in 3,925, it will operate at 220 volts if the coils be con- 
nected as in fig. 3 926, so that there are 2 paths in parallel, with each 
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path containing 2 coils in series. Also by connecting the 4 coils in parallel 
as in fig. 3,927, the machine will operate at 110 volts. In each of these 
cases the voltage per coil is the same. Since in each case the voltage per 
coil, 110 volts is the same, the current density in the copper will be the 
same. Consequently, the same operating characteristics will obtain in 
the 4 path connection as in fig. 3,927 at 110 volts as in the 1 path con- 
nection, as in fig. 3,925 at 440 volts. 

Numerous voltage changes may be made with two and three 

SERIES STAR TWO PARALLEL STAR 




Figs 3,928 and 3,929 — Winding diagrams illustrating a 440 volt series star connected motor 
and reconnection for operation at 220 volts as descnbed in the accompanying text 


phase motors as is evident from the accompanying table pre- 
pared by A. M. Dudley. 

Example . — A motor is connected senes-star for three phase 440 volts. 
How should it be connected for 220 volts? 

In the table (page 2,204) look along the horizontal hne corresponding to 
three phase series star and under the intersecting vertical column headed 
three phase series star is found the number 100. This means that the motor 
as it stands on 440 volts is considered 100 per cent. The new voltage is 
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to be 220, which is 50 per cent of 440. Hence, the same horizontal Ime 
m the table, namely three phase series star is followed along until the de- 
sired figure of 50 is foxmd, which is under the vertical heading '"three phase 
2 parallel star,** This is the correct answer, that is, if a motor be connected 
three phase series star for operation on 440 volts, it must be connected 
three phase 2 parallel star, as in fig. 3,929, to operate correctly on 220 
volts. 


Frequency Changes* — For the same number of poles a change 
in frequency will cause the speed to vary directly as the fre- 
quency. 

In order to maintain the speed constant in making a frequency change, 
the voltage on the motor should be varied in the same proportion as the 
frequency is changed. 

A change in frequency may be regarded the same as a voltage 
change because the voltage changes with the frequency. 

Increase in frequency usually causes the machine to run a 
little cooler^ and decrease, a little warmer, 

A change in frequency should be offset by a change in voltage 
in the same direction and amount; thus, if a motor be oper- 
ated at 110 volts on 60 cycles, it should be operated at % of 
110 =92 volts on 50 cycles. 

In making a frequency change if the speed is to remain the 
same, the number of poles must be changed in the same ratio as 
the frequency, or approximately so. 

Example. — If a motor have four poles and be operated on 25 cycles, it 
will have a synchronous speed of 3,000-^-4 = 750 r.p.tn. If the motor is to 
have the same speed on 60 cycles, the nearest possible pole number is 10 
and the s 3 mchronous speed be 7,200 -i- 10 = 720 r.p.m. It is apparent 
that in very few cases of this kind is it possible to re-connect the same 
winding. 

Sixty cycle motors are often run on 50 cycles without change, but the 
practice results in increased iron losses, hotter running and slower speed. 
Under such conditions, the output of the motor in horse power should 
be reduced to keep down the copper losses. 
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Phase Changes. — The change most fequently desired is 
from two to three phases, or from three to two phases. 

Example . — three phase 440 volt motor is to be recoimected for two 
phase 440 volts. What changes must be made? 

In the table on page 2,204 it is seen that the winding as it stands on 440 
volts is four pole three phase series delta. Select the horizontal column 


3 PHASE SERIES DELTA 



2 PHASE 2 PATH 


Figs. 3,930 and 3,931. — ^Winding diagrams illustrating a 440 volt senes star connected motor 
and reconnection for two phase operation. As explained m the text, the vt^tage is reduced 
to 308 volts. 



in the table marked three phase series delta and follow it across, looking 
for a vertical column showing the value 100, since the desired two phase 
voltage is the same as the present three phase voltage or 100 per cent. 
Inspection shows that there is no 100 under any two phase connection. 
This indicates at once that a three phase series delta connected motor 
which is normally operated on 440 volts cannot be changed and operated 
on two phase 440 volts, without rewinding. The nearest value to 100 
under a two phase column is 70, shown under two phase 2 paralkL This 
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means that if a three phase 440 volt motor which is connected sen£e delta, 
be reconnected for 2 parallel two phase, it should be operated on 70 pef 
cent of 440, or 308 volts. 

Speed Changes. — The speed of an induction motor may be 
changed by regrouping the field coils for a different number 
of coil groups. In this coimection it should be noted that an 
increase in the number of poles will decrease the speed, whereas, 
a decrease in the number of poles will increase the speed. 

There are numerous cases where a change of two poles is 
permissible, as for example, changing from four poles to six, 
or ft'om ten to eight and the like. The changes would consist 
in rearranging the phase coils to agree with the new grouping 
and checking the chord factor, to note its effect on the voltage. 
It is often possible to get a fair operating half speed by con- 
necting for twice the number of poles. 

Practically all reconnections involving pole changes give only 
a fair operating performance. 

Reversing Polyphase Induction Motors. — For a two phase 
four wire machine, interchange the connections of the two 
leads on either phase. 

For a two phiise three wire motor, interchange the two outside leads. 

For a three phase machine, interchange the connections of any two leads* 
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TEST QUESTIONS 

1. What is understood by the term reconnecting'^ 

2. What changes can be made by reconnecting? 

3. How should reconnecting changes be considered? 

4. What is the preliminary consideration before mak- 

ing a change 

5. In reconnecting, what two things should remain the 

same? 

6. How are voltage changes made? 

7. What should be especially considered in changing to 

a higher voltage? 

8 How are frequency changes made? 

9 How does an increase in frequency affect the opera- 

tion ’ 

10. How are phase changes made? 

1 1 . What are the most frequently made phase changes? 

12. How are speed changes made? 

13. Does the motor operate efficiently after a speed 

change is made? 

14. How are polyphase induction motors reversed? 
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CHAPTER 71 

A.C. Motor Management 

Installation, Operation, Care 

There are certain precautions that should be taken with ax. 
motors in starting, running and stopping in order that the effi- 
ciency of the supply current and indirectly the working of 
other motors and lamps connected to the mains in the imme- 
diate neighborhood, may not be affected by abnormal varia- 
tions of the voltage. These precautions should be observed 
also to prevent any danger of the motor itself being subjected 
to detrimental mechanical shocks and excessive temperature in 
the working parts. 

1. Installation 

Foundation. — A solid substantial foundation should be pro- 
vided for the installation of any motor. This provides a firm 
support for the machine and the mass of the foundation will 
serve also to absorb any vibration that may occur in operation. 

Concrete is a good material for foundations. A good mix- 
ture for this purpose consists of, one part Portland cement, 
two parts clean sharp sand, and three parts broken stone. 
Only the best grade of cement should be used. 
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When the anchor bolts which hold down the machine are cast in the 
concrete their location must be determined with great accuracy, otherwise 
they will not be in line with the holes in the base or bed plate of the machine . 
Moreover in case of a broken bolt it would be a difficult matter to put 
in a new one. 

A much better method is to “cast” iron pipes in the concrete. 



Fig. 3,936. — View showing template for locating anchor bolt centers, pipes through which 
the bolts pass, and bolt boxes at lower end of bolts. The completed foundation is shown 
in fig. 3,937, with template removed. The template is made of plain boards upon which 
the center lines are drawn, and bolt center located. Holes are bored at the bolt centers to 
permit insertion of the pipes as shown. 


These iron pipes should be a little larger than the bolts, pockets 
being provided at the lower end. 

The bolts are inserted in the pipes and being accessible through the 
pockets are easily anchored. Since the pipes are larger than the bolts, 
a slight location is permitted so that there will be no difficulty 

in aligning the holes in the machine. A wooden template 
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should be made with holes corresponding to those in the motor base as 
shown in fig. 3,936. 

Floor or Wall Mounting. — ^All motors are shipped from the 
factory assembled for floor installation unless otherwise or- 
dered. For wall or ceiling mounting, turn both end brackets 



Fig. 3,937. — Concrete foundation, showing method of installing the anchor bolts. 


so that the oil well covers will be directly above the shaft 
when the motor is in the desired position. 

Care should be taken, when loosening or tightening the nuts on the 
through bolts holding brackets to frame, that the motor core is not shifted. 
Since the motor core is mounted on these through bolts it is essential 
that the tightening of these nuts be done uniformly, that is, by an equal 
• amount on each bracket. 
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Fig. 3.939.-- Method of mounting motor on wooden ceiling. 
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Whenever the end brackets are removed or rotated make sure that the 
joints are clean before they are replaced and tightened. Check the air 
gap and see that the rotor revolves freely. 

Lining up an Engine Type Synchronous Motor. — When on 
the foundation, the sole plates supporting the stator should be 
leveled, and temporarily set for grouting, using metal wedges 
closely spaced and evenly driven. Inch over holes are pro- 
vided in the sole plates for moving the stator horizont^ly. 
Square the motor frame to the shaft by spanning a steel wire 
across the outside, touching the finished bosses on the guards 



Fig 3,940 — Small bent lever of H round iron to seciire wire center line taut m position 

and gauge from this wire to machined surface of spider rim, 
and be sure that stator laminations are exactly opposite the field 
pole laminations on both sides of the machine. 

Before shimming and grouting, see that the air gap on top is consider- 
ably smaller than on the bottom. A practical air gap gauge is shipped 
with every motor. See also that air gap is even on both sides of the core 
horizontally and vertically. 

After the sole plates have been grouted and set, raise the stator slig^y, 
using the jack screws provided for in the feet and now insert shims in both 
sides in siifiScient numbers to even up the air gap vertically. 

It is good practice to leave the air gap on top slightly smaller (10 or 
15 mils) in order to relieve the bearings from the dead vrei^t of the rotor. 
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Adjusting screws inserted in the frame on both sides and pushing against 
the sides of the sole plates are used to move the stator sidewise and make 
uniform air gap adjustment on both sides. 

When motor has been set for correct air gap, dowel stater feet to sole 
plates . 

Erecting Motors of Split Construction. — When assembling 
the unit, the lower part of the stator is first put in position 


PASSING LINE THROUGH SLOT 



and moved over as far as the movement on the sole plates will 
allow. The machined joints are then carefully inspected and 
cleaned and the winding near the joints examined. 

Before the upper part is put in position see that the dowel 
holes are free from dirt or any foreign matter. 

When in position the bolts with reamed seats holding the two frame 
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halves together should be carefully installed and tightened up. The dis- 
connected coils should then be carefully assembled in the slots and con- 
nected up. The shaft is now turned with the key seat up and the rotor 
rests on the shaft with the key in place. 

A wooden cradle made for the other half of the shaft and bolted to this 
half of the rotor, holds it securely in place so it may be given half a revo- 
lution. After this half of the rotor has been blocked up from the bottom 
of the pit, taking precaution to block only against pole face proper, not 
the end rings, the wooden cradle may be removed to allow the second half 
of the rotor to be put in place. It is understood that before starting to 
assemble the rotor, the shaft diameter and key should be checked with 



Fig. 3,942. — Detail of joint showing split stator construction of Ideal 600 h.p., 2,200 volt, 
3 phase, 25 cycle, synchronous motor. 

the bore and keyway in the rotor, that all surfaces be thoroughly cleaned 
and dowel pins put in place at the rim. 

After the hub bolts have been installed and the two rotor halves securely 
fastened to the shaft, the rim bolts should be put in place and the col- 
lector rings assembled. These rings should afterwards be smoothed off 
with a fine emery cloth to remove any projections which would cut into 
the brushes. Finally, the field coils and squirrel cage windings are am 
nected up and the motor set for air gap as outlined above. 
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2. With hub bolt loose and split wedged in rotor hub, sbp rotor in position on the shaft 2 ind tighten 
hub bolt. Care must be taken when opemng up hub bore for sliding fit on shaft that suitable steel wedges 
are used with a taper of not less than in. to the foot and expanding first undertaken at the spoke end 
of huh. Block up under flywheel to support shaft and rotor 
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3. Mount stator on stator support pad leaving bolts slightly loose; adjust 
concentriaty of stator diameter in respect to bearing with stator adjusting 
screws using machined surfaces on inside diameter of stator support pad 
and machined surface of shaft. 

4. With sole plate temporarily in place on foundation, slide pedestal 
onto the shaft with stator intact. Wedge up sole plate on four sides with 
metal wedges until shaft turns free in bearings. Grout sole plate. 

5 Adjust air gap up and down and sidewise, leaving air gap at the 
bottom 10 to 15 mils smaller than at the top, according to instructions 
given on certified outline drawing furnished with the machine. 

6. Carefully remove pedestal with stator intact from shaft, then drill 
and ream holes for proper dowel pins and dowel stator in place, then 
tighten all stator holding bolts 

7. Reassemble on shaft, bolt and dowel pedestal to sole plate and 
mount brush holder rigging on its foundation plate. Adjust brushes to 
collector rings. 

8. See that no tools are left in the machme. Rotate rotor by hand a 
couple of revolutions to see if it run free and true, and machine is ready 
for the initial start. 

9. In case the machme be built with solid rotor hub and collector rings 
mounted inside the rotor on the hub, disregard (Note No. 1) and refer- 
ence made in other notes to split rotor hub, outside collector rings and 
brush holder mounting. Make use of threaded stud or studs to be in- 
serted in hole or holes drilled and tapped in the shaft extension and face 
of rotor hub to pull rotor on or off the shaft, but be sure to remove brushes 
from the holders before this is done. 

Drive Gear. — Power may be transmitted from the motor to 
the machine to be driven by either; 

1. Belt 

2. Toothed Gearing 

3. Chain 

4. Direct connected. 

Belt drive is largely used where room is available for ade- 
quate length of belt. 





Fig. 3,945. — Installation with vanous kinds of drive gear showing that the power may be transmitted from the engine to the ma- 
chine or to be driven by* 1, belt. 2, toothed gearing. 3. cham. 4. direct connected 
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Align the pulleys and see that the belt is just tight enough to carry the 
load without slipping. If possible make the lower side of the belt the 
dnving side. Do not tighten belt any more than necessary to prevent slipping. 

Vertical belt drive should be avoided. Best results are obtained by 
locating the base so that adjusting screws come on the side of the motor 
opposite the belt. 

There should be a reasonable distance between the center of the rotor 
shaft and the center of the shaft being driven, so as to eliminate the ne- 
cessity of having to nm the belt very tight, which would produce un- 
necessary faction loads. 

A pulley of the size regularly listed with the motor should be used, as 
the size has been selected to secure continued satisfaction from the belt and 
the bearings. 

Belt drive is fully treated in the chapter on Installation of 
Dynamos and Motors, pages 880 to 894. 

If the motor be geared to the apparatus to be driven, the 
gear and pinion should not mesh so tight as to prevent a thin 
piece of paper being pulled from between the teeth without 
tearing. 

In the case of chain drive mount the motor so that the chain 
may be tightened. 

Secure accurate alignment. Driven and driving shafts must be parallel. 
Avoid vertical chain drives if possible. Cham belt should never be drawn 
up tight. 

Fuses and Overload Protective Devices. — When a motor is 
started automatically, or installed in an out of the way place 
or controlled from a distance, or installed where the operator 
seldom inspects the motor, the use of a fuse having a rated 
capacity of 125% of the rated ampere capacity of the motor 
as shown by the name plate is recommended. The same should 
apply to the setting of overload devices such as time limit 
overload relays. 

For motors of the automatic start, across the line type use 
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inverse time limit overload relays, ther- 
mal overloads or fuses set for 150% of 
the full load motor current. 

In case the starting duty be severe 
and these fuse and relay settings do not 
permit starting, use a double throw 
starting switch which will cut out or 
shunt out the fuse or relays during 
starting. 

2. Operation 

Before Starting. — In general certain 
precautions are necessary before start- 
ing a motor especially the first time. 


1 . Make sure that all bolts, nuts and screws 
are tight, that the oil wells are filled with a 
good grade of mineral oil, and that the com- 
mutator and other parts are clean. 

2. Remove all external load if possible and 
turn the armature by hand to see if it run 
freely. 

3. Make sure that the oil plugs are tight 
and that the oil wells are filM to the top of 
the overflows at the side of bearings with a 
good grade of light mineral oil. 

4. See that the voltage on the name plate 
corresponds with the line voltage. 

5. Check all electrical connections with dia- 
grams to avoid possibility of injury to machine 
by errors in wiring. 
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6. Before putting the motor in service it is desirable to run it without 
load for a short time to determine if there be unusual heating in bearings 
or windings. 

Operating Squirrel Cage Motors. — When the motor is 
started without a compensator, simply close the line switch. 
When starting with hand operated compensator, move the 
compensator switch lever to the starting position, and when 
the motor comes up to speed, (in about 5 to 20 seconds) throw 
the lever quickly to the running position. 

Operating Slip Ring Motors. — In starting (combined opera- 
tion, primary and secondary control): 

1. See that the control handle is in the OFF position. 

2. See that the disconnecting or separate overload protective switch, 
if used. IS closed 


Constant Speed Motors. 

Move the handle of the starting device slowly to the full speed position. 
Startir^ resistors have a time limit of acceleration from zero to full speed 
in 15 seconds, 30 seconds and 60 seconds, depending upon the type of re- 
sistor used. 


Adjustable Speed Motors. 

Move the handle of the starting device slowly to any desired speed 
pomt. The resistors for this type of control must be rated for continuous 
duty on any speed point. 

In stopping return the handle of the starting device to the OFF posi- 
tion. For other types of apparatus, such as automatic, see further in- 
struftions furnished with the apparatus. 

Repulsion Motor Operation. — To start the motor: 

>. If without starter, close the main switch. 
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2. If a Starting box be used, see that the arm is in the OFF position. 
Then dose the main switch (the line switch should always be either fully 
closed or fully open) and move the lever of the starting device firmly on 
to the first contact; hold it there for two or three seconds to allow the motor 
armature to accelerate slowly; then move the rheostat lever from on« 
contact to the next until it is in running position. 



Fig. 3,947. — Magnified view of a shaft showing its rough granular structure. In operation, 
these minute irregularities interlock and act as a retarding force, or frictional resistanct. 
Hence, the necessity for lubrication which prevents actual contact by presenting a thin 
intervening film against which the surfaces rub. The magnifying glass shown above is 
simply suggestive of magnification, in fact, to see the rough granular structure the shaft 
would have to be viewed under a microscope. 


To stop the motor: 

1. Open the main switch. 

2. If a starter be used, be sure that the starting lever is returned to the 
OFF position by the time the motor stops. 

5 . Care 

To insure the best operation, make a systematic inspection 
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at least once a week. Give the following points special attention: 

Cleaning. Treat a motor as you would any other high grade 
app)aratus. Dirt, dust and oil should not be allowed to accu- 
mulate in the motor. 


Any oil which may overflow from the bearings should be wiped from 



Fig. 3,950.— Sectional view showing a ring oiler or self oiling bearing. As shown the pedestal 
or bearing standard is cored out to form a reservoir for the oil. The rings are in rolling 
contact with the shaft, and dip at their lower part into the oil . In operation, oil is brought up 
by the rings which revolve because of the frictional ton tacts with the shaft. The oil is in 
this way brought up to the top of the bearing and distributed along the shaft gradually 
descending by gravity to the reservoir, being thus used over and over. A drain cock is 
provided in the base so that the oil may be periodically removed from the reservoir and 
strained to remove the accumulation of foreign matter. This should be frequently done 
to minimize the wear of the bearing. 

the motor. A little attention in this regard will result in continued satis- 
factory operating results and enable the motor to give the best s^ce for 
many years. 

Bearings.— Prevent excessive heating and wear of all bear- 
ings by proper lubrication, belt tension and alignment. 
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Where the air gap has become closed on one side replace the bearings. 
Wear of the bearings will cause a closing up of the air gap on one side and 
may allow the rotor iron to strike the stator iron resulting in trouble. 

Oil Wells. — Before starting the motor, wash out the bear- 
ings with kerosene or gasoline to remove any dirt or cinders 
which may have accumulated after motor has left the factory; 
then replace the drainage plugs, after dipping them in a mix- 
ture of red lead and shellac to prevent leakage. Tighten plugs 
securely. Fill the oil wells through the oil holes at the top 
with a good grade of light mineral oil (not heavy cyUnder oil, 
animal fat or vegetable oil). 



Figs. 3,951 to 3,956. — Self oiling, self aligning bearing open. Views showing oil grooms, 
rings, bolts, etc. 


Fill bearings with enough oil to cause oil to appear at the overflow at 
the side of the bearing. 

To avoid Incorrect oil level, never oil the motor when running. 

Do not use oil so thick that it splatters or is thrown off the oil ring. 
Refill the oil wells at regular intervals, the frequency depending upon local 
conditions, such as severity or continuity of service, cleanliness, etc. 

If the oil rings rattle, it is a sure indication that there is not sufficient 
oil in the wells. 






A. C. Motor Managen-ent 


2,229 


Brushes and Collector Rings. — In the care of motors having 
brushes and collector rings see that the brushes move freely in 
the holders and that they make firm and even contact with 
the collector rings. 

Keep an extra set of brushes on hand New brushes should be sanded 
in to fit the curvature of the rings. 

Brush pressure on the nngs should be from 2 to 3 pounds per sq. in. of 
brush section area Collector nngs should run true and have a clean pol- 
ished contact surface 


When replacing worn down brushes, they should be fitted 
by means of the fine sand paper folded around the commutator 
and rotor revolved by hand in the desired rotation until a 
proper fit is obtained. Never use emery cloth. 

It should be noted that commutation cannot be improved by shifting 
the position of the brushes. 


Commutator. — The commutator surface of commutator mo- 
tors should be kept clean and polished. Under normal operat- 
ing conditions the commutator will require only occasional 
cleaning with a piece of non-linting material. Vaseline or oil 
of any description should not be used. 

Roughness may be removed by polishing the commutator with a piece 
of sandstone or sand paper. Run the commutator at a high rate of speed 
dunng the polishing and move the sandstone or sand paper back and 
forth along the surface, parallel with the shaft After this has been done, 
clean the commutator and brush faces carefully. Emery cloth as stated 
before should not be used on a commutator or brush. 

When, due to roughness or wear of the commutator, it is necessary 
to turn down the commutator in a lathe, or to re-slot the mica strips. 
It IS recommended that this work be done by an expenenced workman 
or sent to a service shopv. 
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TEST QUESTIONS 

1 . Why should certain precautions be taken in operating 

ax, motors? 

2 . What kind of foundation should be provided? 

3 . Name a good concrete mixture for a foundation. 

4 . What provision should be made for the anchor bolts? 

5 . How is the foundation template made? 

6 . How are motors mounted on the wall and ceiling? 

7 . Give method of erecting motors of split construction. 

8 . Name four kinds of drive gear. 

9. Enumerate the features of the different kinds of drive 

gear. 

10 . What size fuses should be used with ax. motors? 

11 . How should a squirrel cage motor be operated? 

12 . Describe the method of operating slip ring motors. 

13 . What does a shaft look like under a microscope? 

14 . Give a method of scraping small and medium size 

bearings. * 

15 . What treatment should the oil wells receive before 

starting? 

16 . What attention should be given to brushes and collector 

rings? 

17 . How is a commutator kept in proper condition? 
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CHAPTER 72 

A. C. Motor Troubles 

If trouble be experienced in the operation of a machine, 
tighten all nuts, bolts, etc. and make sure that the armature 
is free to revolve; that is, that the bearings are in good con- 
dition and that there is no mechanical obstruction to prevent 
rotation. 

In hunting for electrical troubles first make sure: 

1. That the voltage is actually available at the motor switch. 

2. That it corresponds to the voltage stamped on the name plate of 
the machine. 

3. That the circuit is of proper frequency. 

4. That the fuses are mtact. 

5. That the motor terminals are properly connected for the voltage to 
be impressed on the motor. 

6. That all connections and contacts are properly made in the circuit 
between the motor switch and the motor. 

7. That the starting device (if any) is operating properly. 

8. That the brush yoke is firmly clamped up against the shoulder on 
the bearing housmg. 

9. That the yoke is properly set on the runnmg position for the rota- 
tion desired. 

10. That the correct neutral is being used. 

11. That the correct compensation is being used. 
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SYNCHRONOUS MOTOR TROUBLES 

Faulty Starting. — This may be due to the following causes: 

1. Voltage too low, at least half voltage is required to start. 

2. Open circuit in one phase. Motor heats up. 

3. Too much static friction due to too great belt tension and too tight 
bearings. 



Fig. 3,957. — Engine type stator with guard segments and brush holder support removed, 
200 h.p., 440 volt, 3 phase, 60 cycle, 80 r.p.m, synchronous motor (small motor frame is 
shown for comparison) . 

4. Too much field excitation. 

5. Armature windings incorrectly connected. 

6. Reversed phase in compensation 
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Motor Fails to Start. — When a synchronous motor will not 
start it is usually due to: 

1. Too low voltage. 

2. Faulty connection in the auxiliary apparatus. 

3. Too great starting load. 

4. Open circuit in one phase, or stiort circuit. 

5. Either condition results in a buzzing noise. 

6. Too great field excitation. 



ViG. 3,958. — Curve for synchronous motor showing effect of varying the field current on 
the armature current required for a given output. 


Field Faults. — These may be due to: 

1. Field circuit broken. 

2. Excessive induced voltage at start.* 

3. Punctured insulation due to excessive voltage. 

Armature Faults. — ^Abnormal conditions usually met with 
are: 

1. Short circuit in armature coil, with resulting bum out of the coil. 

2. Wrongly connected coil resulting in reversed polarity and requiring 
extra field current to make up for the bucking pole. 
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Hunting. — This unsteady operation has been fully explained 
in another section. Synchronous motors imder certain condi- 
tions tend to hunt, as in the case of 

1. Long lines. 

2. Unsteady sp^d of alternator as when dnven by a gas engine. The 
application of “bridges to the pole pieces tends to stop hunting 

3. Field too strong. 

Weak Torqne. — Sometimes a synchronous motor will start 
without difficulty but fail to develop its full torque. This may 
be due to: 

1. Exciter voltage too low. 

2. Reversed field spool. 

3. Short circuit in field. 

4. Open circuit in field. 

Heating. — This may be due to 

1. Overloading. 

2. Excessive armature current. 


INDUCTION MOTOR TROUBLES 

Motor Fails to Start. — When difficulty is experienced in 
Starting induction motors, such difficulties may be due to 
a number of causes, such as: 
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1. One or more fuses blown. 

2 Ventage too low. 

3. Too great starting load. 

4 Worn beanngs, permitting armature to touch field laminae, intro- 
ducing excessive friction. 

Failure to Carry Load. — When the motor stops after start- 
ing, the causes may be: 

1 Hot bearings, increasing the load by excess friction. 

2. Excessive tension on belt causing beanngs to heat. 

3. Failure of short cut out switch in internal resistance motors. 

4. Single phasing on the running position of starter. 

Winding Faults. — Sometimes mistakes are made at the fac- 
tory in the windings of a motor. Symptoms of winding faults 
are: 


1. Excessive and unbalanced starting currents. 

2. Peculiar noise. 

3. Overheating. 

In a three phase motor the faults may be: 

1 One armature coil short circuited 

2. One phase or one leg of armature open circuited. 

3. One phase of field open circuited. 

4. Short circuit in field. 

5. Fidd coil reversed. 


Squirrel Cage Faults.— A squirrel cage winding is subject 
to unsatisfactory operation due to such causes as: 
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1. Poor soldering of the bar joints, increasing the armature resistance 
and causing local heating at the joints. 

2. Unbalanced currents due to some good bar joints and some poor ones. 


REPULSION INDUCTION MOTOR TROUBLES 

Motor Fails to Start. — Checking the above points as listed 
will frequently locate the cause outside of the motor , where 
otherwise considerable time might be spent searching for it 



Fig. 3,959. — General Electric type Rl, 4 pole, 2 k,p,, 1,8CX) r,p.m.» 60 cycle single phase re- 
pulsion induction motor. 
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inside of the motor. Obviously, the actual voltage of the 
motor terminals should also be checked. 

If, after following these suggestions, the trouble be not 
located, the brief outline following will assist in locating the 
difficulty: 

1. No voltage. Inspect fuses, switches, and all connections. Test line 
with volt meter or lamp. Notify power plant if no voltage. 



Fig. 3,960. — Sectional view of General Electric type Rl, single phase repnlswn induction 
motor end shield showing method of reversing. To locate the brush rigging in the faop)er 
position , a reference mark is chiseled in the baring housing and two sets of marks are stamp^ 
on the yoke; each of these sets has one light mark with an N, stamped at right angles to it, 
while the other has an arrow at right angles indicating the direction of rotation. In a motor 
of unidirectional rotation, one or the other of these marks (depending upon direction of 
rotation) should always be opposite the reference mark on the housing as shown. 


2. Low voltage. Determine with volt meter whether due to power.plant, 
or too small service lines. 

3. Excessive overload. Decrease the load or install a larger motor. The 
load should always be measured by an ammeter and compared with the 
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full load amperes on the name plate, as this constitutes the full normal 
electrical input. 

4. The bearing linings stuck or “frozen” to shaft. Put in new linings, 
clean the shaft with crocus cloth. 

5. The armature rubs. Put in new bearings, remove dirt or particles 
that may fill the air gap. Make sure that the iron has not been displaced 
so as to cut into the slots and short or ground the windings. 

6. Incorrect location of the brush yoke. 

7. Energy circuit, open Inspect the brush ngging. 

8. Wrong brush spacing. Figs. 3,961 to 3,963 show the correct relative 
brush spacing on R1 motors. The total number of commutator bars di- 




Figs. 3,961 to 3,963 — Brush spacing on General Electric type Rl, single phase repulsion in- 
duction motors Fig. 3,961, two pole, fig 3,962, four pole; fig. 3,963, six pole. Short cir- 
cuited brushes, A3 and A4 are the energy brushes. Small motors have compensating brushes 
at A1 and A2. The compensating brushes are connected on unidirectional motors to the 
compensating field winding by leads which are tagged FI and F2. The yoke at points beside 
the iK^der to which these leads are attached is plainly stamped A1 and A2. The compen- 
sating field winding may consist either of a set of coils, independent of the mam and lying 
in the central slots of each pole, or may be a tapped off portion of the mam winding 


vided by the number of poles gives the number of bars between energy 
brushes and between compensating brushes. Between adjacent energy 
and compensating brushes are one-half this number of bars. It should be 
noted that figs. 3,961 to 3,963 do not show the position relative to field 
winding. 

Abnormal Heating. — When the motor seems to be overheat- 
ing, take the temperature with a thermometer. The over- 
heating may^ be due to: 
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1. Overload. Reduce the load or install a larger motor. 

2. Excessively high or low voltage. Take up with the power plant. 

3. Low frequency. Take up with power plant. 

4. Incorrect brush pressure, 

5. High or projecting mica 

6. Short circuit in the field winding. Remove all the brushes from the 
commutator and close the main switch. A short in the field winding will 
be indicated by excessive line current and by abnormal heating of the 
shorted part of the winding. This may be repaired in the usual way. 




Figs 3,964 to 3,966 — Number and relative positions of neutrals. General Electric type R1 
single phase repulsion induction motor. Fig. 3,964, two piole; fig. 3,965, four pole; fig. 3,966, 
SIX ix)le. A, A, etc. are true neutral positions. B, B, etc. are false neutral positioas. The 
arrows indicate direction of rotation when brush yoke is shifted with compensating brushes 
removed. To iocate neutral: 1, disconnect motor from any roechamcal load; 2, see that 
all brushes fit commutator perfectly; 3, raise all compensatmg brushes so that they will 
not make contact on the commutator; ^so bend pigtails so that they will not touch the 
end shield arms in rotating yoke; 4, after loosenmg the cap screw move the yoke so that one 
of the “N” marks on the yoke comes opposite the supposedly correct reference mark on 
the housing, or if new reference mark is bemg found the yoke may be left in any convenient 
position as permitted by the length of leads “FI” and “F2” {see fi^. 3,961 to 3,963); 5, throw 
in the mam line switch momentarily (If any starting device be used this should be on 
the first point ) If the armature rotate, gradually shift the yoke in the direction oppoti^te 
to rotation. (Allow the motor to come to rest and repeat the operation until a point is 
reached where the armature definitely “locks” when current is thrown on momentary. 
Temporarily mark this point on the housing opposite either line marked letter “N” on 
yoke ); 6, while holding the yoke in this new found position, dose the line switch for a few 
seconds and quickly shift the yoke slightly from this point. If the armature start with a 
very strong torque m the direction of shift, the correct neutral has been found, but if the 
armature slowly start to revolve m the opposite direction from shift, false i^utral has been 
found. The true neutral will be found 90 degrees from this pomt in a two pde machine, 
45 degrees in a four pole machine and 30 degrees m a six pole machine as hereshown. From 
the figures it will alw be noted that each motor has several true neutral pomta. The one 
where the reference mark may be most readily stamped on the housing and which wiU not 
interfere with the coimection of leads “FI” and “F2” will naturally be selected; 7. remove 
previous reference marks and chisel the new mark that it may serve as a permanent reftf* 
ence point. 
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7. Short circuit in armature. When the above test with the brushes re- 
moved from the commutator is made for a short in the field winding, it 
may be found that the armature is shorted, with all brushes out, throw 
in the line switch and slowly turn armature. If the armature have a ten- 
dency to lock under each pole and the beanng limngs be known to be in 
good condition, it shows a short circuit in the armature. This is easily 
verified if an ammeter be available. The line current will be high and 
will show a decided deflection as the short circuited coil comes under each 
pole. 

8. Using brushes other than those recommended for use with the R1 
motors. 




Figs. 3,967 and 3,968. — Interchangeable ventage coantettonB General Electric type R1 single 
phase repulsion induction motor Fig. 3,967, 220 volts, fig 3,968, 110 volts. 


9. Reversed compensation. 

10. Incorrect position of the yoke. 


NOTE . — Checking Comp^riMation (General Electric repulsion mduction motors) — 1. 
With the brush yoke on neutral, that is, the line marked *‘N’' opposite the correct reference 
chiseled on the beanng housing, see that aH energy and compensating brushes (bemg replaced) 
are making firm, even contact with commutator. Close the line switch and note the direc- 
tum of rotation of the armature Compensation will be correct if the armature rotate in the 
direction indicated by the arrow Ime on the yoke nearest the neutral If rotation be in the 
opposite direction, interchange leads “FI" and “F2*’ running to the compensatmg brushes, 
or chisd a new reference maiic on the housing opposite the other “N" Ime on the yoke, and 
shift the yoke so that the first “N" line will now come opposite the second reference mark 
on the bcsisiiig. incorrect compeneation is indicated by a very high no load current. 2. 
Shift brush rigging so that the mark on the yoke at right angles to the arrow indicating the 
denied direction ^ rotation is opposite the correct reference mark on the beanng housing, 
and securely clamp the yoke m place against the shoulder on the bearing housing. 
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High No Load Speed. — This abnormal operation may be due 
to: 

1 Open arcuit in the compensating circuit if the motor show a no load 
speed of about times rated speed. Poor contact in this circuit may 
result in a high no load speed 

2. Incorrect position of yoke. 

3. Incorrect brush spacing 



Fig 3,969. — General Electric type R1 motor connected for 110- volt reveremg operatKwi, with* 
double pole, double throw switch. 


Low Running Speed. — This defect in operation' may be due 

1. Overload. Reduce the load or install a larger motor. 

A poor contact in the energy circuit. This cause also reduces oUtput oft 
the motor. 

3. Incorrect brush spacing, 

4. Incorrect position of the yc«e. 
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Spsrkin^ Coiniiiutotor. — Csuscs contributing to this 

fault are: 

1. The brushes bind in the holder. Clean the brushes; see that the 
correct brushes are used 

2. The brushes reversed, that is, riding on the toe only. 

3. The brushes worn so that the spnngs no longer hold the brushes in 
firm contact with the commutator 

4. Incorrect brush tension. Readjust to about 2J^ lb. per sq. in. 

5. Loose brush holder. Tighten all parts; adjust and refit brushes. 



Fig. 3,970 — General Electric type R1 motor connected for 220 reversing operation, with 
doable pole, double throw switch 


6. Rough commutator, grooved commutator, eccentnc commutator 
hi^ bars, high mica 

7. Loose bars in the commutator. Heat in an oven or by running, 
tigjiten shell nut, turn and polish. 

8. Open circuit in armature. Remove one set of compensating brushes, 
being careful to see that yoke is properly set in the running position, and 
throw in the line switch. If the sparkint: under the energy brushes assume 
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short, light green sparks that do not tend to lengthen out into flashes that 
will follow the curvature of the commutator, the armature is apparently 
in good condition, but, if the sparking assume long, tongue-like flashes 
which are rather vivid and noisy and which tend to follow the curvature 
of the commutator, the armature has an open coil. Allow the motor to 
run for approximately one minute and this open may be verified by checks 
ing for burnt and pitted adjacent commutator bars. Care should be 
taken to make sure that slivers of high or projecting mica do not cause 
the above sparking and lead one to believe that the armature is open. 

9. Incorrect compensation. 

10. Incorrect position of yoke. 

Low Starting Torque. — This defective operation may be due 
to: 


1. Reversed compensation, poor contact or open in energy circuit; short 
in the field or armature, or open in the field or armature or wrong brush 
position. 

2. In case of a re-tumed commutator, do not allow the mica to project 
beyond the face of the commutator. 

Split Phase Motor Troubles 

Speed Too Low. — This may be due to any of the following 
causes, which may be corrected by the remedies given. 

1. Wrong voltage and frequency. 

2. Overload; reduce load on motor, replace with a larger motor if nec- 
essary. 

3. Grounded starting and running windings. Test out with magneto 
lamp bell or volt meter. 

4. Short circuited or open winding in field current. Test out as above. 

5. Too small connection wires. Increase size of wires. ^ 


Faulty Starting. — Motor starts, runs slowly, will not pick up 
to normal full load speed, and blows fuses, due to: 
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1. Failure of cut out to work properly. Test cut out for grounds or 
short circuit. Oil pivots and springs, sand paper rough spots. 

2. Grounded plate, test with lamp or magneto, one wire to each slip 
ring or contact plate. 

3. Open circuit in starting or running winding. 

Test out with magneto or lamp. 

4. Grounded or short circuited starting or running winding. 

Test out with magneto, bell and battery or volt meter. 


Motor Fails to Start, — This fault is sometimes encountered. 
In such cases 

1. Test line voltage with lamp. 

2. Test fuses with lamp. 

3. Trace out all connections for grounds, open or short circuit. 

4. See if brushes be making proper contact with collector nngs or 
contact plates. 

5. See that rotor is free to rotate in bearings. 

Motor Fails to Start, and Hums Loudly. — ^This may be due 

to the starting winding being burnt out, open, or grounded. 

If motor hum, this indicates that the main or runmng winding is not 
open; the motor may be started by rotating the armature by hand until 
it reaches its normal rated speed. 

Sparking at the Brushes. — ^As the brushes of split phase 
motors are only used in starting, sparking may be due only to 
worn and loose brushes, or dirty slip rings. 

Clean slip rings with a benzine soaked rag. Apply a little vasehne with 
the finger to each slip nng to prevent cutting by the brushes. 

Heating of the Windings. — This may be due to any of the 
following causes: 

1. Moisture in windings. Dry out in an oven. 
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2. Short circuit or ground. Test out with magneto, lamp, bell or volt- 
meter. 

3. Overload. Reduce load or install a larger motor. 

4. Too low line voltage. Check up with volt meter. 

5. Too high line voltage. Any voltage in excess of 5% on 220* volts, 
10% on 110 volts should be reduced as this will cause the windings to bum 
out. 

6. Wrong frequency. A 40 cycle motor cannot be used on 60 cycle cur- 
rent as the rotor will not revolve in synchronism with the alternator. 

7 Wrong voltage connections to motor. 

8. Connection wires too small. This will cause a voltage drop. 

Heating of the Rotor. — This is usually caused by overloading 
the motor or by broken soldered connections of end bars. 
Reduce load or solder broken connections. 


Fractional Horse Power 
Motor Troubles 

Motor Fails to Start. — Be sure that the wires connected to 
the motor terminals make good contact; that each of the brushes 
of the motor makes perfect contact with the commutator; that 
the connected load is not too great for the size of motor used. 

Motor Hums Loudly and Refuses to Start. — The fault may 
be due to 

1. Short circuited field windings. 

2. Grounded connections, or cut out switch. 

Teat out individual windings with volt meter, holdmg one wire to trama^ the other to 
aach lead of held windings. 
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Teat cut out switch with magneto, one wire to shaft, the other to each half of cut out 
plates. 

Motor Runs Too Slow. — This fault may be due to 

1. Burnt out, short circuited, or grounded winding 

2. Grounded cut out switch. 

3. Cut out switch refuses to short circuit itself. 

This may be due to corroded springs, dirty parts, dirt in springs and pivots. 


Care of Compensators. — These should be inspected once a 
year and the oil changed. Use only oil as furnished with the 
compensator by the manufacturer, as this has been found to 
give the best results; any other grades of oil will cause a lot of 
unnecessary trouble. 

If the contact fingers on the switch of the compensator be scorched or 
burnt they should be smoothed with a piece of sand paper, if they be too 
far burnt or worn, they should be replaced with new ones. 

Tighten all springs on switch and no voltage release, so that contact 
fingers press firmly on all contacts. 

Oil all exterior moving parts of switch handle, also the no voltage release. 

Grounding of Compensators. — The cases of all compensators 
should be grounded especially when installed on high voltage 
circuits, to insure safety to the operator if for any reason the 
current carrying parts should accidentally come in contact with 
the case. 

A good contact is obtained by securing the ground wire under a screw 
or bolt on the compensator. 

The ground wire should be run to a water pipe as required by the Code, 
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Compensator Troubles 

Motor FaUs to Start. — If the fuses and motor be in good 
condition, examine all contacts and see if contact fingers make 
contact. 

Press with a screw dnver all contacts and see if motor start. Trace 
out all leads from terminal block to contacts. Examine all transformer 
taps. In case of a bum out on one coil of a three phase compensator the 
coil may be cut out by a slight change in connections and the compensator 
used temporarily until a new set of coils can be obtamed. 


Compensator Hums. — This is due to an improper sealing 
surface of the no voltage release or loose laminations of the 
solenoid or transformer. 

Tighten all screws on the no voltage release solenoid plunger and no 
voltage coil, also tighten screws on transformer. 

No Voltage Release Fails. — If the voltage release fails to 
hold switch in running position, the fault may be due to: 


1. Burnt out; no voltage coil. 

Test with a magneto. 


2. Wrong connections. 

3. Latch of no voltage release stuck. 

This may be due to dirt or foreign object Remove tamie. 

4. Overload relay plunger stuck. 

This causes an open circuit in the no voltage release circuit. Inspect all and 

try moving by hand, and note if they make contact. 
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Fuses, Single Phasing and Burn Outs. — The author is in- 
debted to Mr. P. E. Chapman of St. Louis, Mo., manufacturer 
of armature winding machines and authority on motors, for the 
following polyphase motor troubles, due to improper fusing: 

The commonest cause of bum outs in polyphase motors is 
‘‘single phasing”. By definition, single phasing is the opening 



Fig. 3,971. — Single phasing of star connected motor. Test lamps aie shown to indicate the 
condition of the supply phases beyond the break The dark one shows the dead phases 
Owing to reverse voltage generated by all motors when running, the two dark lamps will 
actually be only a little dimmer than the normal or bright one If the motor be stationarj’ 
and 18 therefore generating no reverse voltage, the two lamps will show half voltage for they 
are in senes with each other If one lamp only be used for testing, it will be totally extin- 
guished only when the dead leg is not connected in some way with the line as through a load . 

oj one leg or wire of a two or three phase circuit, whereupon the 
remaining leg at once goes or becomes single phase. 


NOTE . — Single phasing of three phaae circuit. When a three phase circuit is func- 
tionu^ normally, there are three separate and distinct currents flowing m the circuit It 
should be noted that any two of these three currents jointly use the same Wire Accordingly, an 
open circuit m one leg or wire kills two of the phases and there will be only one pHaiyo or current 
working although two wues remain mtact. This remaimng phase in a motor will then 
attempt to carry all the load. 
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The usual cause of single phasing is the so-called running fuse, which 
is a fuse whose capacity is near the full load current of the motor in cir- 
cuit with it. 

Therefore the worst enemy or menace a polyphase motor has is the so- 
called “rurming fuse*' or for that matter any other single pole discon- 
necting device. The nearer its capacity is to the motor rating, the greatei 
menace it is to the motor, as one of them will blow more frequently. The 
usual cause of blowing a close or running fuse is a load, either momentary 
or sustained. A short circuit may blow two fuses at the same instant, 
but this hardly ever occurs with a load. Therefore, part of the motor 
windings are still in circuit — single phase. 



iFiG 3,972 — Single phasing of delta connected motor. 


When smgle phasing occurs, the hp, capacity of a polyphase motor 
drops to about half its rating, the running or load carrying current in- 
creases in the one phase. However, the maximum current it would safety 
carry per leg (three phase) drops and its locked current (that is, the max- 
imum current standing still) drops. It is seldom that the single i^iase 
load or locked current will blow tlie remaining running fuse or fuses. 

If the motor be standing still it will not start, and unless disconnected, 
will bum out promptly. If it be running, when single phasing occurs, and 
carrying half load or less, it will continue to run without damage be- 
cause half loads do not blow normal fuses. If it be running on a full 
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or over load, when single phasing occurs, it will try to keep on running, 
throwing all the work on part of the windings, which sooner or later bums 
out. If the load be too heavy, it stops the motor, and as it cannot then 
re-start nor blow the remaining fuse, the bum out is prompt. 

A polyphase motor, if given plenty of current (large fuses) will take 
care of ttself under ordinary mishaps, such as interrupted power, or 
severe temporary overload, but if it be closely (runnmg) fused, it may 
single phase and bum out. It is particularly true on polyphase motors 
that a fuse (or circuit breaker) cannot protect it against internal mishaps, 
therefore, on polyphase motors, the fuses should be used to protect the 
/me, or winng to the motor agamst catastrophies, such as burnt out motors, 
or other causes of dead shorts; hence the fuse size should be as large as 
the winng to the motor will permit. 

The running fuse sizes given in contemporary tables are too small, and 
therefore a menace to polyphase motors. They should be eliminated, or 
if an over zealous inspection department insist that running fuses must 
be used, they should be at least times the rating of the motor or more 
The most satisfactory runmng fuses, or, those that will do the motor the 
least damage, are the so called “starting'* fuses of these same tables, although 
they are possibly a little large. 


TO 



Fig 3,973. — ^Single phasing of star connected motor fed from transformer. 


A three phase motor fused with two fuses only (third leg solid copper) is much safer than 
one with three fuses. This is rapidly becoming standard pM-actice. 

Delayed-action, multipolar circuit breakers with at least two actuating members are the 
best protection for polyphase motors. They do not cause single phasing. They will permit 
momentarily heavy currents such as occur at starting the motor or its load and still open on 
a sustained or damaging overload. 

Notem on Single Phasing in Three Phase Motors . — Single phasing of the immediate 
motor circmt causes two legs of a Y connected motor to bum out, as in fig. 3,971. If the 
motor be delta connected, one leg is burned, as in fig. 3,972 If the motor be Y connected and 
fed from transformers, havmg primaries connected to a three wire, three phase circmt, and 
one of the primaries be opened, it will quickly bum out one leg of the motor, as in fig. 3,973. 
In practice, the “good” leg or legs are usually so badly damaged by heat from the burnt out 
ones, as to be useless 
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TEST QUESTIONS 

1. When hunting for troubles what preliminary items 

should be attended to’ 

2. What are the causes of faulty starting of synchronous 

motors? 

3. If a synchronous motor fail to start, what is usually 

the trouble’’ 

4. What may field faults be due to’’ 

5. Name some abnormal conditions met with in the ar- 

mature. 

6. What are the causes of hunting’’ 

7. What are the causes of weak torque of synchronous 

motors ’ 

8 . What causes heating ’ 

9. Name some causes why an induction motor will not 

start. 

10. When an induction motor stops after starting, what 

are the causes’’ 

1 1 . Mention some winding faults in a three phase in- 

duction motor. 

12. What are the causes that produce unsatisfactory op- 

eration of a squirrel cage? 

13 . When hunting for repulsion induction motor troubles, 

mention some items that should be checked’’ 

14. What are the causes of abnormal heating in a repul- 

sion induction motor? 

15. What causes high, no load speed? 

16. Mention some causes of low running speed of repul- 

sion induction motors. 
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17. 'What are the causes which contribute to sparking at 

the commutator 

18. How should a faulty commutator be treated"^ 

19. What causes low starting torque? 

20. Mention causes of too low speed of a split phase 

motor. 

21 Give four causes with remedies for faulty starting of 
a split phase motor. 

22 . What are the causes of failure to start a split phase 
motor? 

23 If a split phase motor fail to start and hum loudly, 
what may this be due to'> 

24. What causes sparking at the brushes of a split phase 

motor? 

25. Give causes of heating of the winding. 

26. What causes a rotor to heaG 

27. What should be done if a fractional horse power motor 

fail to start 

28. If the motor hum loudly and refuse to start, what are 

the causes? 

29. Give three causes why a fractional horse power motor 

runs too slow. 

30. How should compensators be grounded? 

31 . Mention some compensator troubles. 
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CHAPTER 73 

Control Apparatus 

For the proper control of the alternating current in any of 
the numerous systems described in the previous chapter, various 
devices, which might be classed as “control apparatus,” are 
required. These may be grouped into several divisions, 
according to the nature of the duty which they perform, as 

1 . Switching devices; 

a. Ordinary switches; 
h. Oil break switches; 
c. Remote control switches. 

2. Current or pressure limiting devices; 

a. Fuses; 
h. Reactances; 

c. Circuit breakers; 

d. Relays. 

3. Power factor regulating devices; 

a. Synchronous condensers. 

b. Static condensers; 

4. Regulating devices; 

o. Induction voltage regulator; 
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b. Variable ratio transformer regulators 

c. Compensation shunts; 

d. Outdoor induction regulators; 

€. Automatic voltage regulators; 

/. Line drop compensators; 

5. Indicating devices; 

j^plunger type, 

a Moving iron instruments < inclined coil type; 

(^magnetic vane type, 

b Hot wire instruments, 

_ , ^ ^ . ( shielded pole type, 

c Induction instruments \ repulsion type, 

d. Dynamometers, 

c. Instrument transformers, 

/ X / induction type, 

J . IV atthour meters Faraday disc type, 

^synchronous motor type; 
g. Frequency indicators < resonance type, 

I induction type, 

flamp or volt meter, 

k Synchronism indicators < resonance type, 

^rotating field type, 

„ r ^ j 4. / watt meter type, 

I Power factor indicators ^ rotating field type, 

j. Groimd detectors, 

k. Oscillographs. 

6. Lightning protection devices; 

a. Air gap arresters, 

b. Multi-gap arresters, 

c. Horn gap arresters; 

d. Electrolytic arresters; 

e. Vacuum tube arresters; 

/. Choke coils; 
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CHAPTER 74 

Switches 

A switch is a piece of apparatus for making, breaking, or 
changing the connections in an electric circuit. 

The particular form and construction of any switch is 
governed by the electrical conditions imder which it must 
operate, and this gives rise to a multiplicity of types which may 
be classified 

1. With respect to the number of blades per circuit leg, as 

a. Single 

b. Double 

c. Triple, etc. 

2. With respect to the movement of the blade, as 

a. Swinging 

b. Revolving 

c. Radial (combined swinging and revolving) 

d. Oscillating 

e. Reciprocating. 

3. With respect to the kind of blade, as 

a. Lever 

b. Knife. 

4. With respect to the number of legs, as 

a. Single pole 

b. Double pole, etc. 
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5. With respect to the number of contacts or sets of contact 
controlled, as 

a. Single throw 

b. Double throw. 

6. With respect to the number of circuits controlled, as 

a. One point 

b. Two point 

c. Three point, etc. 


7. With respect to the number of leads, as 

fl. Two way 
b. Three way, etc. 

8. With resiiect to circmt protection, as 

a. Pl2iin 

b. Fused 

c. Barrier. 


9. With respect to the break, as 

a. Single 

b. Double 

c. Quick 

d. Snap 

e. Horn 


10. With respect to the meditim in which the break takes 
place, as 

«■ Air {SLd, 

b. Oil 
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11. With respect to the method of moimting, as 

a. Front connection 

b. Back connection 

c. Surface 

d. Flush 

€. Pendant 
/. Straight through. 

12. With respect to the method of operating, as 

a. Pull 

b. Push 

c. Rotary 

d. Remote control 

i clock control, 

e. Automatic, etc.\ hydraulic control, 

♦ pneumatic control. 
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13. With respect to service, as 

a. Disconnecting 

b. Lighting 

c. Electrolier 
d Heating 

e. Master 
/. Motor starting 

g. Field discharge 

h. Antenna 

i. End cell. 

etc. 

It will be seen from the foregoing classification that there is a 
large multiplicity of switch types to meet the great variety of 
service conditions encountered. 
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Switch Terms 

Barrier . — A non-combustible insulating block placed between parts of 
opposite polarity to prevent flash overs. 

Blade . — The movable contact member. 

Contact block . — The base or jaw projection to which is attached a lug. 
Cross bar . — The insulating connecting piece which is attached to the 
blades, and to which is attached a handle. 



Fig. 3,974. — View of lever switch illustrating its distinguishing feature, the movement of the blade 
parallel with the base 


Hinge jaw . — The jaw to which the blade is pivoted. 

Jaw . — The stationary contact member. 

Leg . — One side of a switch circuit. 

Lug.— A fitting which connects a conductor to the contact block. 

Point . — A name given to a stationary contact button on a switch to 
designate the number of paths. Carefully distinguish from "'way.'* 

Pole . — A conductor or lead of a circuit acted upon by a switch. 
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Push button. An acom or cyhndrically shaped part which is pressed 
by the finger to move the moving contact of a switch. 

Throw.— A term which relates to the extent of the blade movement, 
with respect to the contact range. 

Way.~A name given to the stationary contact buttons of a switch to 
which external circuit wires are connected. Carefully distinguish from 
"point” 


OFF 


PIVOT 


STOPS 



blade 



OFF BUTTON 

_J 

attachment screws 

Figs 3,975 and 3,976 — Lever switch illustrating construction and operation. 


eUTTOM 


Lever Switches. — This type of switch is for light duty. Its 
distinguishing feature is that the blade, pivoted at one end anH 
operated by a handle at the other end, swings in a plane 
parallel with the hose. To obtain the movement, the pivot is 
perpendicular to the base, as shown in fig. 3,974. The working 
of the switch is further illustrated in figs. 3,975 and 3,976. 

The meaning of the term point, which must be carefully dis- 
tinguished from way, is illustrated in figs. 3,977 to 3,980. Here 
it will be seen that the number of points is equal to the number 
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of “live” buttons (not including the pivot button) or one less 
than the niunber of external wires. 

The satisfactory wwking of a lever switch depends on good contact at 


POINT 



£ POINT 


BUTTONS 


OFF eUTTON 



POINT 



POINT 



Fios 35T7 to 3 980 — Lev«r switches illustrating the term “point "Here are sh^ 1 , 2, 3 and 
?',^t fmtti^conttolling 1. 2. 3 mid 4 circuits respectively The use of these switches is 
explained at the end of this chapter. 


the two ends of the blades. To obtain this, the pivot end must be prop- 
erly adjusted. Proper contact with the other buttons is due to spnng 
action of the blade, as shown in figs. 3.981 and 3,982. 

The dead button serves the purpose of holding the blade in the off po- 
sition. 
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Figs. 3,981 and 3,982. — Detail of blade and button of lever switch illustrating spring action of 
blade in securing firm contact with the button. When the blade is not in contact with a button 
it swings some distance as AB fig. 3,981 below the plane of the button contact surface. In 
engaging a button it rides over the rounded outer part of the button, thus slightly bending 
the blade and causing its spring action to hold it in firm contact with the button. 



Fig. 3,983. — Front view of Fahnestock one point, lever, ivooden base battery switch. The wires 
are connected by firing clips to which the buttons are attached. 



Fig. 3,984. — ^Back view of Fahnestock two point, lever, wooden base battery switek. 
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Figs. 3,983 and 3,984 show one and two point switch construction. It 
will be noted from the back view (fig. 3,984) that the number of points is 
one less than the number of external wire connections. 

Switch :ontact in the case of lever switches is due to spring action of the 
blade pressing against a button; this is single contact. A more efficient 
method is that of double contact called knife contact because it is used 
in knife switches. Fig. 3,985 shows a lever switch with this kind of con- 
tact. Here it will be noted that the blade is held on both sides in firm 
contact by the spring action of the stationary contacts. 

Single and Double Throw Switches. — The term throw relates 
to the movement of the blade in closing the circuit. If the move- 



Fig. 3,985. — Fahnestock double or knife contact, lever switch. 

ment of the blade from the off position be limited to one direc- 
tion, the switch is single throw. If the blade can move on either 
side of the off position to a live contact, the switch is double 
throw. The distinction between the two types is shown in figs. 
3,986 and 3,987. • 

Here also should be noted the difference between a double throw and 
a two point switch as shown in figs. 3,987 and 3,988. It will be seen 
that the difference is both mechanical and electrical. Each switch con- 
trols the same number of circuits, but the double throw gives selective 
cmtrol, whereas the two point switch givesprojBrressfpe control. Accordingly, 



SINGLE THROW DOUBLE THROW TWO POINT 

(SEiZCTIVE control) (PROORESSIVE CONTROL) 
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if the wrong switch 
be selected, it may 
be totally unsuited 
to the service . 


Single and Multi- 
Pole Switches. — 

In an electric cir- 
cuit there must be 
one wire to furnish 
a path for the cur- 
rent to its point 
of application, and 
another or “re- 
turn” wire, unless 
the groimd be used 
instead of the lat- 
terwire. Ifaswitch 
open and close one 
wire only of the cir- 
cuit, it is a single 
pole switch; if it 
simultaneously 
open and close 
both wires of the 
circuit, it is a 
double pole switch . 
Similarly for three 
pole and four pole 
switches . The term 
leg is sometimes 
used in place of 
pole. 
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Since the electric current cannot be stopped instantly when 
the circuit in which it is flowing, is broken, an arc is formed as 
the switch contacts separate-, this tends to burn the contacts, 
and to short circuit, the severity of such action depending on 
the voltage the length of the break line, etc. Accordingly, if 
the circuit be broken on both wires, the arcing will be reduced. 

The operation of a two pole lever switch is shown in figs. 3,991 and 3,992 . 



Figs. 3,989 and 3,990. — Fahneatcx:k double throw, lever switches. Fig. 3,989 short arc swing; 
fig. 3,990, long or 180° arc swing. The latter amplitude of swing is that used on knife switches. 


Here a lever type switch is used to illustrate the working principle, but 
the knife type is inherently better suited. 

The burning action of the arc as stated, depends upon the 
length of the break line, that is, when the blade and contact are 
in “line and line” position. 

The term line and line means the position when the edge of the blade is 
on the point of leaving the edge of the contact. Evidently this “edge” 
in the case of the round button contacts as in fig. 3,993, would be only 
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a p(^t. Accordingly as the blade leaves the contact the arc would be 
concentrated and severe burning of the metal would occur as compared 


OFF ON 



Figs. 3,991 and 3,992 . — Double pole lever switch showing essentials and operation. Fig. 3,991, 
off position; fig. 3,992, on position. 



Figs. 3,993 to 3.996 .—Varioua tweak forms and results obtained as explained in the text. The 
iUvstratimis show blade and different shaped contacts of lever switcl^. 
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with the forms shown in fip. 3,994 and 3,995. The results obtained by 
thus extending the break line are shown in figs. 3,997 and 3,998. 

Sometimes the blade and contact of a switch having a long 
break line are not in alignment, with the result shown in figs. 
3,999 and 4,000. Accordingly the parallelism of the blade and 
contact edges for line and line position should be maintained. 



Figs. 3,999 and 4,000.— Detail of blade and contact out of alignment showing arc concentrated 
and at one end resulting in undue burning of the metal. 



Fig. 4.001,— -a single throw, two pole knife switch. As usually constructed il is made of hard 
drawn copper with cast terminal lugs and fibre cross bar. 
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Knife Switches. — This is a type of switch made in consider- 
able variety and largely used. Its distinguishing feature is that 
the blade, pivoted at one end and operated by a handle at the 
other end , swings in a plane perpendicular to the base. To obtain 
this movement the pivot is parallel with the base. The subject 
of knife switches is presented extensively in Chapter 35 on 
D.C. Auxiliary Apparatus, which should be read in connection 
with this matter. 



Fig. 4,002. — Barkelew back connectiont single pole muUi-blade knife swttck vnih tufninaied 
studs. 

The general construction of a single throw double pole knife 
switch is shown in fig. 4,001. 

Note the angle of the top edge of the contacts. It is made thus so that 
the sloping edges will touch the blades their full length when the contacts 
and blades are in line and line position thus giving maximum break line. 
This form of knife switch is for front connection mounting. . Where de- 
sired for switchboard mounting the back connection form such as shown 
in figs. 4,002 or 4,033 is used. When circuit protection at the switch is 
desired, the latter is provided with fuse terminals for the insertion of 
cartridge fuses, as shown in figs. 4,003 to 4,005. 
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There are various forms of fuse terminals, examples being shown in 
figs. 4,006 to 4,008. 

According to the Electrical Code: 

Switches rated above 600 amperes at 600 volts and 600 amperes at 250 
volts, and therefore exceeding the capacities of standard sizes of cartridge 
enclosed fuses, may be arranged for fuses in multiple, provided as few 
fuses as possible be used, and the fuses are of equal capacity, and the 
multiple terminals for each pole are mounted in common. 




Figs. 4,003 to 4,005. — Mendell 250 volt d.c. or a.c. single throw knife switches with fuaee in- 
verted io dips. The figures show switches with 2 to 4 poles. 


Switches marked with the combined rating, 250 volts, d.c, or 500 volts, 
a.c, shall not be provided with fuse terminals. 

Switches having fuse terminals and intended for use in ungrounded 
branch circuits shall have fuse terminals in each pole. 

Barriers. — ^By definition a barrier is an insulating block ptaced 
between switch contacts of opposite polarity so that they may be 
placed closer together without danger of a flash over. Its object 
then is to reduce the width of the switch base, thus making the 
switch more compact. 
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Fig. 4,009 shows the placement and proportion of a barrier. 
According to the Code: 

Barriers designed to be placed between poles of switches at hinge jaws 
shall be of such size and so located as to provide a separation betweeo 



Kig. 4,006.— Lyons enclosed tuee holder for front connection. 601 to 1.200 amperes. 



Fig. 4,007. — ^Lyons enclosed fuse holder f>or back connection, 601 to 1,200 amperes. 



Fig. 4,008. — ^Lyont fuse clips for N.E.C. standard fusest 61 to 200 amperes. 
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contact parts measured in the shortest insulating surface path over the 
barrier equal to that required for switches without barriers, and to pro- 
vide a separation between other current carrying parts. 



Fig. 4,009. — Barrier as applied to a double pole single throw knife switch. 


Notes from the Code 

NOTE. — Switches marked with the combined rating, 250 volts, d.c. or 500 volts, a.c. shall 
not be provided with fuse terminals. 


NOTE. — Switches having fuse terminals and intended for use in ungrounded branch cir- 
cuits shall have fuse terminals in each pole. 

NOTE. — Auxiliary contacts of a renewable or quick break tyE)e or the equivalent shall be 
provided on all 600 volt switches designed for use in breaking currents from 200 to 1000 am- 
peres, inclusive. 

NOTE. — Single throw knife switches shall be so placed that gravity will not tend to close 
ttem. Double throw knife switches may be mounted so that the throw will be either ver- 
tical or horixontal as preferred, but if the throw be vertical a locking device shall be provided, 
■o constructed as to insure the blades remaining in the open position when so set. When 
practicable, exposed knife switches shall be so wired that blades will be dead when the 
twitch is open. 
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Single and Double Break Switches. — ^According to the 
severity of the duty, switches may be made single break or 
double break. That is, when the current is too heavy to be 
controlled by a single contact, an additional contact connected 
in parallel is provided, thus doubling the length of the break 
line. 

The distinction between single and double break is shown in 
figs. 4,010 and 4,011. 



Figs. 4,010 and 4,011.— Single and double break single pole single throw knife switch /s iUos. 
trating single and double break. 


Quick Break Switches.— In the operation of a switch when 
the circuit is broken, the arc tends to bum the metal of the 
switch along the break line, in amount dependmg upon the 
intensity and duration of the arc. Evidently the quicker the arc 
is ruptured (put out) the less will be the injury to the contact 
and blade by burning. 
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Frm. 4,012 to 4,015. — Construction of quick break ewitch and its operation progressively 
shown. Fig. 4,012, switch in ON position; fig. 4,013, main blade out of contact; fig. 4,014, 
/niziliary blade brewing the circuit; fig. 4,015, OFF position, auxiliary blade held against 
'oain blade by spring. 
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In a quick break switch, the arc is ruptured much quicker 
than can be done in a plain switch. 

There is an auxiliary blade pivoted to the main blade and so arranged 
that the auxiliary blade will remain in the contact clip until the main 
blade has been opened to a certain predetermined amount. Then the 
auxiliary blade under spring tension is quickly pulled out of contact. 

Horn Break Switch. — A switch of this type is one provided 



Fio. 4,016. — Barkelew two pole single throw quick break knife switch. 



Fig. 4,017. — Horn break Bwitdi. /rt operation, the arc formed at break will travel toward 
the extremities of the horns because of the fact that a circuit will tend to move sa as to embrace 
the largest possible number of lines of force set up by it. Hence, the arc that starts between 
the horns where they are near together rises between them imtil it becomes so attenuated that 
' it is extinguished. 
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with horn shaped extensions to the contacts, as shown in fig. 
4 , 017 . 

The arc formed on breaking the circuit, as it travels toward 
the extremities of the horn, becomes attenuated and is finally 
ruptured. 

An objection to horn break switches is the considerable space 
required for the horns and arcs, and the line surges caused by the 
arc. Horn switches were used extensively for high pressure 



Fig 4,018 — Expenmental circuit, illustrating the action of horn break switches. 

cx, circuits before the introduction of oil switches. The hom 
break, however, is of theoretical interest. 

It is often thought that the action of the hom break due to the arc 
being carried up high by the upward draught of air resulting from the 
rise of temperature due to the arc. Although the upward draught of air 
probably does assist the action of the arc, this type laid over on its 
side will repel the arc to the further extremities of the horns almost as 
well as with the horns in the vertical position. The effect appears to be 
chiefly due to magnetic repulsion. 
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It is well knowr that if a heavy current be caused to flow in opposite 
directions through two adjacent conductors, the conductors tend to repel 
each other, as shown in fig. 4,018. 

If tl^ee conductors A, B, and C, fig. 4,018, be arranged in the form 
of a triangle, and the conductor B, be left free to move in the direction 
indicated by the arrow, on sending a heavy current through the circuit, 
B, will be repelled by both A, and C, as the direction in B, is nearly op- 
posite to that in A and C. It is evident that the shape of the conducting 
circuit, when the arc is, say half way up the horns will be similar to that 
formed by the three conductors A, B, and C; the arc, being the conductor, 
B, will be repelled by A and C, further toward the extremities of A and C. 



Fig. 4,019. — Flat horizontal horn break fuae. 


To ascertain to what extent the action of the horn break could 
be attributed to magnetic repulsion, Leonard Andrews made a 
number of experiments with different shapes of projecting 
horns. 

In these experiments, the length of the fuse wire was in all cases 3 inches, 
and in all experiments a single strand of 16 copper wire was short cir- 
cuited across the terminals of a 2,000 volt, kw, alternator. It was foimd 
that a pair of horns projecting horizontally as shown in fig. 4,019, inter- 
rupted the arc formed on blowing a fuse bridging the two horns widi equal 
certainty and much greater rapidity than in the case of the honis ar- 
ranged in the usual manner. The arc was repelled to the further ex- 
tremities of the horns, the pathof the arc being as indicated by the curved 
. lines. It is evident that the upward draught of air has in this case nothing 
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Fig. 4,020. — Action of flat horns neutralized. 



to do with the arc being 
repelled to the extremities 
of the horns . On the other 
hand, one would expect 
the effect of the magnetic 
repulsion to be very much 
more apparent in this case, 
as it evidently is. 

Horns bent in the shape 
shown in fig. 4,020 failed 
to interrupt the circuit. 
It is obvious that in this 
case the current in the 
lower arms neutralizes the 
effect of the current in the 
upper arms. 


Fig. 4,021 . — Long and short horn break fuse. Photographs taken of the arc iwoduced with tlwjse 
horns indicate that the arc is repelled with considerable force from the extremity of the short 
horn. There appeared, in fact, to be quite a blow pipe action from this horn. To ascertain to 
what extent this was so, the experiment was repeated with the horns thoroughly enclosed in 
a chimney built of fire bricks, about 3 inches clearance being allowed between the horns and 
the interior of the chimney. It was found on removing the bricks after the fuse had blown that 
the arc rejjelled from the extremity of the short horn had burned a hole about a quarter of an 
inch deep in the brick upon which it had imj^ged. The bricks directly above the burnt brick 
were slightly blackened, but those on the opposite side of the vertical horn were barely marked 
The arc was not at once extinguished as in the open type horn fuse, but was repeatedly re- 
established for several seconds, each time with a very loud report. Apparently it was repelled 
to the extremity of the shca-t horn, and was then reflected back by the tuidbvxsrk, and thus 
re-established. 
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Air and Oil Break,— The choice between air and oil as a medium in which to break 
the arc depends upon the service conditions. The large amount of sp>ace required in 
ord^ to be certain that the arc will be broken in open air, limits the use of air break 
switches to comparatively low voltage. The air break switch, however, may be enclosed 
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by some form of cover 
for the purpose of pro- 
tecting the operator or 
to prevent unauthor- 
ized operation. 


The enclosed air break 
requires less space than 
the open air break, but 
its effect on circuits 
containing inductance 
and capacity is very lit- 
tle different, so that 
there will be the same 
oscillatory rises of volt- 
age on opening the cir- 
cuit. In addition, the 
explosion on opening 
heavy currents with this 
switch is at times so 
heavy as to endanger 
not only the switch it- 
self, but all delicate in- 
struments in the im- 
mediate neighborhood. 


For high tension cir- 
cuits the oil break is 
used almost exclusive- 
ly and also in low ten- 
sion work they are ex- 
tensively used on ac- 
count of the compact- 
ness of the construc- 
tion and the reliability 
of the operation. 

The arc being com- 
pletely enclosed, this 
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switch can be used in mines and mills where the air is charged with 
explosive gas or dust. 

The oil break is used almost invariably on a.c, systems. Oil break 
switches are used on low voltage circuits when air break switches are ob- 
jectionable, for reasons of head room, limited space for connections, or 
where the open arc is a source of danger; and on high voltage circuits, 
where air break devices are not practicable, owing to the space required 
for breaking a high voltage arc in air. The oil break is particularly ef- 
fective on a.c. circuits, because as the switch contacts part, the oil sur- 
rounding the contacts immediately rushes to fill the spaces in the break 
between the contacts, and induces a high resistance which is in proportion 
to the speed at which the contacts part. Also, the pressure of the oil 
confines the arc to a limited area and tends to quench it. When the 
voltage passes through zero, the resistance of the oil tends to prevent the 
arc re-establishing. As the distance between the contacts increases, 
the arc holds for a shorter portion of each succeeding half cycle, until 
the arc finally fails to be re-established. Thecir- 

J cuit is then open. The number of half cycles that 
the arc holds depends upon the voltage of the cir- 
cuit, and the amount of current to be ruptured. 

Fig. 4,027.— -Trumbull meter service switch 30,400 amperes with cover open ahowins switch 
and fuses. 

Fig. 4,028.— Trumbull meter service 125 and 250 vdta switch showing switch and blades 
dead service side, fuses exposed. 

The insulating value of the oil and its burning and carbonizing charac- 
teristics also make a difference in the length of time that the arc will hold. 

As the gases formed by the burning of the metal of the contacts and the 
oil adjacent to the contacts must pass through the od, in order to escape, 
these gases are cooled and rendered less dangerous than if they were 
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generated in the open 
air . These character- 
istics of the oil switch 
make possible the 
breaking of an elec- 
tric circuit with a min- 
imum disturbance. 

The oil switch is not 
nearly so effective on 
d.c . As there is no zero 
pressure point in this 
case, the breaking of a 
d.c., circuit under oil 
results in severe burn- 
ing of the metal and 
oil , and the generation 
of much gas; conse- 
quently, there is con- 
siderable tendency of 
the arc to hold be- 
tween the opening 
contacts . However , 
oil switches are some- 
times used on d.c. cir- 
cuits where condi- 
tions are such that, to 
brezdc an arc in the 
open air, is prohibi- 
tive. 


Oil Break Switch- 
es. — ^The extensive 
use of high pressure 
currents and alter- 
nating current mo- 
tors and other 
devices introducing 
inductance make it 
necessary to use 
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switches radically different from the ordinary air break types. 

By definition an oil break switch is one in which the circuit 
is broken under oil. 

The oil switch is most used especially on high pressure alternating 
current circuits, because of the fact that the oil tends to cause the current 
to break when at its zero value, thus preventing the heavy arcing which 
would occur with an air break switch, and the consequent surges in the line 
which are so often the cause of breakdown of the insulation of the system. 

The oil break is not a quick break. 



Fig. 4,031 .“"Hart and Hegeman moinentary contact switch. Pressure on the button closes 
the circuit as long as the button is held in. Releasing the button opens the circuit. Quick 
make and break. The two circuit type has two separate single pole switd^, each con- 
trolling a separate circuit. Both buttons cannot be operated at the same time. 

Oscillograph records show that the effect of the oil is to allow the arc 
to continue during several cycles and then to break the current, usually 
at the zero point of the wave. 

Rupturing Capacity of Oil Switches. —While an oil switch 
may be designed for a given pressure and to carry a definite 
amount of current, it should not be understood that the switch 
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will necessarily rupture the amount of normal energy equivalent 
to its volt ampere rating. 

Oil switches are often used on systems with generator capac- 
ity of many thousand kilowatts. It is, therefore, essential that 
the switches shall be able to break not only their normal cur- 
rent, but also greatly increased current that would flow if a 
short circuit or partial short circuit occur. 



Figs. 4,032 and 4,033. — ^Front and back connection knife switches. With the back connection 
the wires and the terminals are out of sight, thus improving the appearance. 


Methods of Mounting Switches. — To meet the varied con- 
ditions of service, switches are designed with numerous ways of 
attaching them to the supporting member. 

Figs. 4,032 and 4,033 show what is called front and back connection 
respectively. The appearance is improved by the back connection as the 
connecting wires are not visible. 

The term surface as applied to a switch indicates that the switch is mounted 
on the surface of the supporting member as in figs. 4,034 and 4,035 instead 
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T ili Ba wQrd pendant means hanging loosely by om end, hence a pendant 
switch i|,^e attached to the circuit wires at one end leading to a recep- 
tacle or otiier connection as shown m fig. 4,037. Pendant switches may 
sometimes be used to advantage instead of pull chain switches in locations 
where the pull cord of a pull chain switch would not hang vertically in 
a straight line from the switch. 

A straight through switch, as its name implies, is one designed to be 
mounted at any point in a (flexible) circuit so that the conductors enter 
and leave the switch in a straight line, as shown in fig. 4,037. This type 
switch is used for such applications as for controlling small heating de- 
vices, vacuum cleaners, irons, etc. It is also called a feed through switch. 



Fig. 4,038. — ^Typical application of pull cord method of operating the switch Evidently 
the switch may be quite remote from the end of the pull cord, thus avoiding the expense 
of extra wiring as would be in the case of a pendant switch 

Methods of Operating Switches. — Owing to the great variety 
of service conditions, various mechanisms for opening and 
closing switches have been devised for the convenience and 
safety of the operator. 

Where the switch is in an inaccessible location as on the ceiling, the pull 
method is used as in fig. 4,038. 
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Wall switches of the flush type are operated by the push method, there 
being two buttons connecting with an oscillating mechanism for on and 
off positions of the switch as shown in fig. 4,036. ^ 

The snap type switch operates by the rotary method; fig. 4,034. 


Remote Control Oil Switches. — It is desirable in the case 
of switches on high pressure circuits to locate the parts which 
carry the high pressure current at some distance from the 
switchboard in order that they may be operated with safety. 

With respect to the manner in which the switches are operated 
they may he classed, as 

1. Hand operated. 2. Power operated . 




Figs. 4,039 and 4,040 — ^Views showing mechanism of hand operated remote control switches. 
Fig 4,039, straight mechanism, fig. 4,040, angular mechanism. 


For hand operation, the mechanism between the operating 
lever and switch proper, consists simply of a system of links and 
bell cranks. Various shapes of bell crank are used, to permit 
change in direction or position of the force applied to operate 
the switch. 
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In the case of power operation, electricity is used in most 
cases; in some installations, switches are operated by com- 
pressed air. 

Remote control should be employed for pressure above 1,100 volts. 

Red and green lamps are used as indicating devices with electncally 
operated switches; red for closed and green for open as shown in fig. 4,041. 



CAM ACTUATED 

OIL SWITCH IN CLOSED FQSmON 

Fig 4,041 — Diagram of connections of motor operated remote control switch. The motor 
which operates the switch is controlled by a small lever generally mounted on the panel with 
the instruments which are m the circuit controlled by the switch The standard pressure for 
operatmg the motors is 125 volts. 

Motor operated switches are used for exceptionally heavy work where 
the kilowatt rupturing capacity is greater than that for which the other 
types are suitable. 
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Disconnecting Switches. — By definition a disconnecting 
switch is a knife switch placed in series with the service switch 
so that the apparatus controlled by the latter may be repaired in 
safety by disconnecting it from the bus bars or live circuit. 

Disconnecting switches are not intended to rupture the load 
current. 


Since disconnecting switches are not designed for opening under load, 
no attempt should be made to open them with current in the circuit. 



Fig. 4,042. — Westinghouse single throw front connected disconnecting switch for indoor mount- 
ing. The blades are single bars for the lower voltages and are clipped, braced and reinforced 
for the higher voltages to give rigidity. Two single blades are used on all 2,000 ampere switches 
and two pairs of single blades in all 3,000 ampere switches. A single blade is used on all other 
sizes up to and including the 15,000 volt switches and on the 600 to 1,200 ampere, 25,000 vdit 
switches. The 200 and 400 ampere, 25,000 volt and the 50,000 and 73,000 v<dt ewitdies have 
a truss blade that is very rigid because of its broad base. 

Fig. 4,043. — Westinghouse double throw rear connected disconnecting switch. 
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Disconnecting switches are opened and closed with a hook on the end of 
a wooden pole. 

Care and Adjustment of Lever Switches. — To obtain the best 
results from lever switches, they should be given a reasonable 
amount of attention. 

When switches are sent out mounted by the manufacturers, they are 
carefully adjusted and will usually maintain this adjustment for a consider- 
able penod. The object in the adjustment of lever switch clips is to give 
the clips the imtial deflection, so that when the blade is forced into them, 
they will exert a proper pressure and make good contact with the blade. 

Fig. 4,044. — ^Hook for operating a disconnecting switch. 




Figs 4,045 and 4,046 — Bub transfer plug switch. The method of supporting the contact 
farthest from the panel consists of a porcelain pillar of the same height as the receptaole, 
clamped to a brass connecting or bus bar which in turn is fastened to the receptacle. 

When it is necessary to disturb the adjustment of the switch either for 
remounting or some other cause, proceed as follows: 

The setting of the clip is accomplished by means of a hammer blow ap- 
plied to a clip finger through a block of fibre or soft wood held against it 
as shown at A, in fig. 4,047, where the clips are illustrated as 
parallel, or in the condition before adjustment. After they have set, they 
should appear somewhat as at B, where the full lines show the deflection 
of the clips away from their original position indicated by the dotted hnes. 






Fig. 4,050. — Westinghouae rear connected motor starting switch, for pressures up to OOO volts. 
It is used for starting rotary converters and direct current motors of large capacity having 
string torque small enough to piermit cutting out the starting resistance in few steps. The 
clips can be connected to any type of resistor, the steps of which are successively shcrt cir- 
cuited as the switch closes; the amount of resistance in the armature circuit is thus gradually 
reduced. A pause should be made after each step of resistance is thrown in to allow the motor 
speed to accelerate. If the starting switch do not have to carry the full load cnrtent and can 
be short circuited by another switch, a starting switch of smaller capacity equivalent to 50 
per cent of running current of the machine can be used. The switch is of the single pole, single 
throw, rear connected, four point, knife blade type. 




2^90 


Switches 



Fig. 4,051. — Metropolitan ratio switch, 
back connections. This type of switch 
is used for selected control, transformer 
ratios and for testing. 


The setting at the ends of the 
dips in good practice is not any 
greater than will allow the blade 
to easily enter between the beveled 
ends of the clips. The form of the 
deflection curve given to the clip 
fingers must be such as will cause 
the clips to bear evenly across the 
entire width of the blade when the 
switch is closed, and the setting 
of the clips for this result can only 
be secured by repeated trial. In 
the first place, the contact dip 
block should be located firmly in 
its permanent position on the 
panel or on the switch insulator to 
which it is attached, and the con- 
tact surface of the blade should be 
well coated with vaseline to pre- 
vent undue wear during adjust- 
ment. 

The operations shown on page 
2,289 are not necessarily consecu- 
tive; for instance, the secondary 
adjustment with the clip wrench 
shown at B, may precede the op- 
eration of setting shown at A, al- 
though usually this is not the case. 

The first operation gives the 
dips some initial setting by a few 
hammer blows; then the switch 
blade is closed into contact and 
the clearances examined by means 
of a gauge 0.002 inch thick. This 
test is shown at C, which indicates 
how all portions of the contact 
surface of the blade may be 
reached by means of a thickness 
gauge and the condition of the con- 
tact ascertained. 



Fig. 4,052. — ^Metropolitan end cell switch, back connectiona. End cell switches are used 
to cut in the end cells of storage batteries as the voltage of the line drops due to discharge. 
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If it be found that any contact finger does not bear evenly upon the 
blade, the next operation is to withdraw the blade and change the setting 
of that contact clip finger. For instance, if the clip fingers do not bear 
at the front side of the blade, but are making contact at the back, a round 
steel rod which is of the same diameter as the thickness of the blade is 
slipped in between the clips as shown at A, up against the blade stop, 
and, by means of a hammer and block, additional setting is given to the 
contact finger until the outer end of the contact finger bears against the 
blade the same as it does at the inner side. 

It may be found, however, after adjusting for one side of the contact 
finger, that the other side does not bear upon the blade, in which case 



Figs. 4,053 and 4,054. — Lyons solid neutral type switches. In fig. 4,053 a removable acdid 
neutral bar is used in place of the usual fuse connections. This construction permits re- 
moval of the solid neutral bar and replacing in its stead the regular fuse dips, if desu^. 
In the construction shown in fig. 4,054, a solid strap is used terminating at both end* in a 
line parallel with back and front connections. This permits somewhat easier handling 
because of the omission of one working pole. 


it may have to be given a slight twist, as shown at B, by the cl4> wrench. 
The arrows illustrate the different directions in which the clip wrench 
may be pulled for various kinds of secondary adjustment. ' 

Other clip fingers must be adjusted by combination of the methods de- 
scribed, and tested carefully with a thickness gauge at all points, the object 
being to secure practically a uniform pressure at all points on the blade 
without any loose places that the thickness gauge will enter. 
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The blades and clips of lever switches should have properly finished 
surfaces when they leave the manufecturer. 


Snap Switches. — By definition a snap switch is one having 
an automatic spring actuated mechanism within the switch which 
causes the contacts to open or close with a snap. 

The construction is such that this rapid action takes place 
no matter how slowly the button or handle is moved by the 
operator. Hence, any fool can operate a snap switch without 
danger of burning the contacts by undue arcing and that is 
the reason they are made that way. 



Fig. 4,065. — & H snap switch porcelain base showinj? stationary contacts (jaws) terminals 
and notched plate. 


A snap switch consists essentially of: 

1. Stationary contacts with terminal connection; 

2. Movable contacts; 

3. “Snap” mechanism; 

all mounted on a porcelain base and protected by a cover so 
that only the operating handle projects. The accompanying 
illustrations show typical construction. 
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In fig. 4,055 is seen a snap switch base having mounted on it 
the terminals or binding posts, stationary contacts and a 
notched plate held stationary by lugs which fit into slots in 
the porcelain base. The duty of this notched plate is to pre- 
vent rotation of the movable contacts until the full force of 
the spring is brought into action by tiuming the operating 

handle. 

The movable con- 
tacts are shown in fig. 
4,056. In this par- 
ticular switch an 
indicator dial is pro- 
vided as seen in the 
illustration, though 
many switches do not 
have this attachment. 
Part of the oper- 

m>vA&i£WTACT ^»^«ABt-ecdNtACT ating mechanism is 

Fig. 4,056. — H & H snap switch movable contacts (blades) with indicator dial. 




Fig. 4 , 057 , — H & H snap switch shock resisting release parts mounted on poroelain base. 
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shown in fig. 4,057. The illustration shows the Aock resisting 
release parts consisting of the eccentric with projecting lug. 
shaft, and notched plate moimted on the porcelain base. 


In operation as the handle is turned and the spring tightens, 

the eccentric on the spindle forces 
the stop out to the cam point 
where it is released just when the 
spring is at proper tension. This 
stop and cam receive the shock of 
the snap. To resist the wear and 
at the same time retain their 
toughness, these parts are care- 
fully case hardened. They are, 
furthermore, formed with 

Fig. 4,058. — & H switch self adjusting handle. 



0PL«AtlN6. 

5PR1N6 



Fig. 4,059. — H & H snap switch method of attaching mechanism to base, in conatruction, 
metal plates on top and bottom of the porcdain base, riveted together, form the supports 
for the spindle and act as bearings for it. No matter how the spindle is yanked or wrenched 
in servioe these i^tes hcrfd the spindle and mechanism in alignment. 
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accuracy and smoothly finished, to reduce friction and wear 
to a minimum. 

Fig. 4,058 shows the operating handle. In this design there 
is a steel plate running lengthwise through the handle, so 
that if the rubber were to soften under extreme heat, the 
handle could still be turned. A strong spring in the handle 
holds the cover of the switch tight to the porcelain, preventing 
dust getting into the mechanism. 


Fig. 4,060. — Diamond snap switch showing formed sheet mica used to insulate the mechanism 
from the current carrying parts. The black portions of the cut show the mica, which is 
contained in the brass sleeve which carries the switch plate. It is put together under high 
pressure and the central pin holds it securely in position. 





Figs. 4,061 and 4,062. — Diamond snap switch contacts. They are of the knife form. 

The cycle of operation of a snap switch is here given which 
should be helpful to an imderstanding of the rather compli- 
cated mechanism. 

Snap Switch Cycle 

1. Handle is turned increasing tension of spring. 

2. When the predetermined tension is reached the movable 
ccHitacts are released. 
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OPERATING SPRING 


SPRING DOG BLADt' 
AND 

SPACING WASHER 


INSULATING WASHER 


HOLLOW 
COMMUTATOR HUB. 


LOCK PLATE 


Figs. 4,063 to 4,067e. — Disassem^ 
bled view of Arrow reciprocating 
switch showing mechanisno with 
names of parts. 


PINDLE 
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-PORCELAIN HANDLET 

UPPER BEARING STRAP 


COMMUTATOR ASSEMBLY 


COMMUTATOR BRUSH 
.(BRONZE BLADE) 
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3. The force of the spring acting on the released movable 
contacts causes them to make a quick break. 

4. Another turn of the handle actuates the spring to quickly 
close the switch. 

Fig. 4,068 shows a typical snap switch which will serve to illustrate further 
the construction and operation of snap switches. The switch here shown 



Fig. 4,068. — Arrow rotating button snap switch; sectional view showing mechanism, 

is known as a rotary surface type snap switch. It consists of a porcelain 
base on which are mounted the stationary contacts C, and the switching 
mechanism which is enclosed by a cover and operated by the handle. 

The operation of the standard rotary snap switch is clockwise and non- 
reciprocating. 

The switch base is made of a mixture of clays commonly known as 
electrical porcelain and fired at a high degree to obtain the vitreous com- 
position. 
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Mounted on this switch base are two contact posts which serve a double 
purpose of holding the incoming circuit wires, and provide suitable con- 
tact area for carrying the current. 

Binding screws are provided and are so arranged that they cannot be 
backed out, eliminating the possible loss of screws in wiring operation. 

The center mechanism is of the lock and release type, consisting of a 



Fig. 4,069. — Diamond snap switch base showing terminals and steel detent which locks the 
mechanism. The detent is supported by a steel plate which is prevented turning by lugs 
set into the porcelain at its outside edge. 

Fig. 4,070. — Diamond snap switch operating mechanism. It is the same as used on the rotary 
flush switches. In operation, the movement is accomplished by a rack and pinion and 
the action is quidc and positive. 



Figs. 4/)71 to 4,073. — ^Diamond snap switch handle. Fig. 4,071 external view of handle; fig. 
4,072, spring in normal position; fig, 4,073, spring compressed. 


rack mounted in the bottom of the switch base, a cam. and switch plate 
motmting support. 

The two switch plates are made of spring temper phosphor bronze in- 
sulated from the member carrying parts by means of electrical fibre. 
These parts are mounted and held in position in the switch base by means 
of a opindle footruding through the switch base and fastened by means 
of a lock ring. 
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This mechanism is actuated by means of a helical compression spring 
of music wire held in place by means of a spindle lock washer which also 
provides for locating studs for turning the indicating dial. 

The cover is drawn from brass sufficiently heavy to prevent denting 
and provides, by means of a removable dial, indication showing whether 
the switch is in the “On** or “Off** position. The switch handle of com- 



Figs. 4,074 to 4,076 — Various Diamond snap switches, 1, Fig. 4,074 single pole; 4,075 
double pole: 4,076, three way. 


position has a moulded interior and is furnished with a spring washer 
providing a means for holding the cover tightly to the switch base. 

This type of switch is largely used in the residential and indystrial wiring 
fields and for the control of lighting and low wattage heating circuits. 

In the operation of a snap switch the operation of coiling the 
spring by turning the handle is shown in figs. 4,072 and 4,073. 
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Fig. 4»079. — ^Diamond two or three point electrolier snap switch. 
Fig. 4,080. — Diamond series parallel heater type snap switch. 


2. Double pole 

3. Three way 

4. Four way 
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TEST QUESTIONS 

1 . What is a switch 

2. What governs the form and construction of a switch'^ 

3. Give classification of switches. 

4. Why IS there such a great multiplicity of switch types'^ 

5. Explain terms relating to switches. 

6. What is a lever switch'^ 

7 What IS the meaning of the term “point " and “way " ? 
Carefully distinguish. 

8. What purpose does the dead button serve on a lever 

switch'^ 

9. What is the difference between a two and a three 

point switch'^ 

10. What IS the difference between a single and a double 

throw switch'^ 

1 1 . What happens in the operation of a switch when the 

contacts separate'^ 

12 . Upon what does the burning action of the arc depend? 

13. What is a knife switch'^ 

14 What is the difference between a single pole and a 
two pole switch'^ 

15. What is the object of barriers? 

16. Give the Code requirements for barriers. 

17. What IS the difference between a single and a double 

break switch'^ 

18. What is a quick break switch"^ 

19. Describe the construction and operation of a horn 

break switch. 

20. Give an objection to horn break switches. 
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21 . How does the arc travel in a horn break switch'^ 

22. Describe Andrews' experiments with horn break 

switches. 

23. What is the object of an enclosed break? 

24. Describe an od break switch. 

25. On what kind of circuits are od break switches used"^ 

26. What is the action of the od in rupturing the arc'> 

27. What may be said in regard to the rupturing capac- 

ity of oil switches'^ 

28. What are the various methods of mounting switches'’ 

29. What is a surface switch’’ 

30 . What is the difference between a pendant and a 

straight through switch'’ 

31 . What are the uses of surface, pendant and straight 

through switches'’ 

32. What are the various methods of operating switches’’ 

33. Describe a remote control oil switch. 

34 . Give two methods of operating a remote control od 

switch. 

35 . What kind of indicating devices are used with elec- 

trically operated switches’’ 

36 . What is a disconnecting switch’’ 

37 . For what service should disconnecting switches be not 

used’ 

38 . Explain in detail the repair and adjustment of lever 

switches. 

39. What is a plug switch? 

40 . Describe the construction of a motor starting knife 

switch. 
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CHAPTER 75 

Fuses 

By definition a fuse is a conducting element of such dimen- 
sions as will melt or dissipate at a predetermined current value, 
and thus rupture the circuit and protect it against abnormal con- 
ditions of current. 

All branch lines should be fused at the junction with the 
main line, and all electrical apparatus, if not protected by some 
other automatic device, should be protected individually by 
fuses. 

An element with low melting point connected between terminals, con- 
stitutes a fuse. An excess current flowing through the fuse raises its tem- 
perature until the element volatilizes and breaks the circuit. The break- 
ing of the circuit forms an arc that develop® heavy gases and scatters 
molten metal. 

The ideal fuse is one that is reliable and safe in operation, with an 
element which can be renewed readily and at a minimum cost. 


Fuses may be divided into two general classes: 

1. Those designed to protect the circuit and apparatus 
against both short circuits and definite amoimts of overloads. 

2. Those designed to protect the system only against short 
circuits. 

To the first class belong link and enclosed fuses of the Na- 
tional Electrical Code that opens on 25% overload. To the 
second belong the expulsion fuses, which blow at several times 
the current they are designed to carry continuously. 
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Fuses are especially suitable for protecting motor circuits, 
because they will carry an overload for a short time, but open 
if the overload continue. 

Open Link Fuses. — During the first years of the electrical 
industry several forms of open type fuse were used. These 
were not safe in operation because the arc formed on blowing 
was not smothered and because the molten metal thrown out 
would ignite material, and also would cause severe burns to 



Figs 4,087 .o 4,092 — Various open fuses A, fuse for mam and branch blocks, B, standard 
railway fuse, C, Edison mam style, D, sneak current fuse, fig E. W U pattern, fig. F, 
Bell telephone style When an open fuse “blows” as a result of overloading, the rupture 
18 accompanied by a flash, and by spattenng of the fused material. With large currents 
this phenomenon is a source of danger, and the use of enclosed fuses is accordmgly recom- 
mended whenever the rating of the fuse exceeds 25 amperes 

people nearby. The danger of these open fuses has been over- 
shadowed by their cheapness, reliability and ease of renewal; 
therefore they unfortunately are still used on some switch- 
boards. The general form of a link fuse is shown in fig. 4,087. 

Link fuses should only be used when mounted on slate or marble bases 
and enclosed in dust tight fireproof boxes or cabinets. Such boxes also 
protect the fuses from air currents which may affect the blowing. The 
boxes are, of course, not used in switchboard work, but in order to protect 
the operators in such cases, the fuses should i^eferably be mounted on 
the back of the boards. Link fuses may be u^ for voltages not over 
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250, and are listed in capacities up to 1,000 amperes. There are no stand- 
ardized ratings for this type fuse, due to the special nature of the services 
for which it is intended. 

Edison Plug Fuse. — The Edison plug fuse was one of the 
early forms developed to confine the throwing of molten metal 
and to smother the arc. This type of fuse cannot be very 
accurate in operation because of the short length of the fuse 
element. However, because of its comparative cheapness, it 



Fig. 4,093. — Section of Edison type plug fuse construction. It conaiata of a cylindrical 
porcelain body A, in which the fuse strip B, is placed. One end C, of the strip is soldered 
to the screw shell which surrounds the body and which forms one of the contacts. The 
other end D, of the strip is soldered to the center contact in the bottom. The top cover is 
spun in place on the body and is fitted with a mica window E, by which it is possible to tell 
at once when a fuse on the circuit has blown, as the blowing discolors this window. These 
plugs screw into the receptacles on the fuse block and, whenever a fuse blows, a new plug 
must be inserted. Standard plug fuses are intended for the protection of circuits having a 
maximum current of 30 amperes. 

Fig. 4,094. — Cartridge fuse. Its construction is explained on page 2,309. 

Fig. 4,095. — Metropolitan plug fuse; renewable type. In construction, the fuse is fitted with a 
brass and mica cap so that the operator can determine in a moment which circuit has blown . 
The plug proper is made of porcelain . These fuses are listed by the Underwriters’ Laboratcndes 
and are for use on voltages not exceeding 125 volts, but inducing 3 wire circuits with grounded 
neutral having 250 volts between outside wires. 

is used extensively when extreme accuracy is not requir^. The 
construction of this type fuse is shown in fig. 4,093. 

Cartridge Fuses. — ^There are two types of cartridge fiise clas- 
sified with respect to the fuse, as being: 
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1. Non-renewable, or 

2. Renewable. 

In 1887 the non-renewable cartridge enclosed type fuse was developed. 
This type, with such modifications as are demand^ in its manufacture and 
use, is still used and will always be applicable for certain installations. 




Figs. 4,096 and 4,097. — Chicago non-renewable cartridge fuses. Fig. 4,096, ferrule type; 
fig. 4,097, knife blade type. Non-renewable cartridge fuses should be applied to circuits 
where the interruptions do not occur often. The indicator consists of a small high re- 
sistsmce wire, in parallel with the fuse strip, passing over a white circle in the center of the 
label. As soon as the circuit is broken, this wire produces a black smudge in the white 
circle, making it very distinguishable. 



Figs. 4,098 and 4,099. 
— Westinghouse re- 
newable cartridge 
fuses. Fig. 4,098, 
ferrule type; fig. 
4,099, knife blad# 
type. 
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Non-renewable cartridge enclos^ fuses have the fusible element incased 
in a fibre tube filled with a non-inflammable material and closed at the 
end with ferrules. On arcings part of the fusible element is vaporized, 
and the filling compound absorbs or chills and condenses this vapor, ren- 
dering it non-conducting and thereby extinguishing the arc. 

The ends of the ferrules of the larger fuses are provided with vents to 
relieve the internal pressure. These fuses have gradually replaced the 
major part of the open link fuses in use. 

The construction of a cartridge fuse is shown in fig. 4,094. 




Figs, 4,100 to 4,105. — Westinghouse feaule type renewable cartridge fuse dtsasaeatnbled. Thd 
parts arei A, special hard bone fibre tube; B, brass ferrules rigidly fastened to the tube and 
which cannot be turned off when refilling the fuse; C, removable caps, constructed eo aa to 
vent and cool the hot gases sufficiently to prevent pressure and flashes; D, holes through 
which the hot gases enter the venting system; E, holes through which the gaaes escape 
from the fuse at a safe temperature; F, drop out type of link; G, loose washers. 


It consists essentially of one or more strips of fusible metal H, enclosed 
in a fiber tube D, filled with a powdered insulating substance L, This 
substance serves to absorb the heat liberated when the fuse is blown and 
condenses the vapor of the molten metal, breaking the continuity of the 
clectnc circuit. The ends F, of the fuses are soldered or riveted to metal 
contacts which also serve to seal the tube, thus iK>lding in the filling com- 
pound, 

Renewable cartridge fuses of various types may be divided 
into two general classes: 
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1. Those using a renewal consisting of a bare link without 
any powder filling; 

2. Those using a renewal with the fusible element enclosed 
in a powder filled tube. 

The demand for a renewable fuse exists because of the necessity for a 
reliable fuse with a cheap renewal. Obviously a renewal using a link only 
is considerably cheaper than a renewal using a powder filled tube. Extra 
renewals do not require much f^torage space. 




^^5?; 4,108,— Westinghouse knife blade type renewable cartridgre fuse disassembled. 

Th^ parts are: A, special hard bone fibre tube; B, removable caps; C, removable washers- 
O, screws attacl^d to removable washers and nsed to fasten removable washers to fixed 
waahere: c^ot become detached from the removable washers; E, fixed washers constructed 
to vent ana cool the hot gases sufficiently to prevent excessive pressure and flashinfi" F 
opening through which hot gases enter the venting system; G, holes through which hot gases 
escape from the fuse at a safe temperature; H. centering means; I, drop out type of link. 


^ce air is a more quiescent conductor than the filling compound, a bare 
link can be calibrated more accurately. There is no powder to slag on 
overloads or to be thrown off on short circuits. 

On t*0rt circuit the destructive energy is proportionate to the time 
required to open and a few thousandths of a second make a great dif- 
fwence. The slightly delayed action of the powder filled fuse is not suffi- 
cient to offer decided advantages on overload, but is liable to wreck the 
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Figs. 4,114 to 4,116. — Method of renewing fuse in a knife blade type cartridge fuse. 


NOTE . — Enclosed fuses shall be classified to correspond with the different classes of cut- 
outs and shall be so designed that it will be impossible to put any fuse of a given class into a 
cutout which ts designed for a current or voltage lower than that of the class to which the fuse 
belongs. 

NOTE. — Enclosed fuses shall be marked with the words **N. E. Code Std.” All fuses shall 
be marked with the ampere capacity. On ferrule contact fuses this marking shall be on the 
tube or ferrules, and on knife blade fuses on the tubes or caps. In addition to the above 
marking each cartridge enclosed fuse shall be provided with a paper label, red for 600 volt 
fuses, navy blue for 250 volt fuses of 15 amperes or less capacity and green for 250 volt fuses 
of over 15 amperes capacity. The label for cartridge fuses shall bear the following: the name 
or trademark of the manufacturer and the voltage for which the fuse is designed. 

NOTE. — ^Plug fuses of 15 amperes capacity or less shall be distinguished from those ot 
larger capacity as follows: by a hexagonal opening in the cap through which the mica or 
similar window shows; or by a hexagonal shaped recess in the top of fuses having porcelain 
or moulded composition tops, and when labels are used with such plug fuses the labels shall 
also be hexagonal in shape and fill the recess; or on plugs having solid metal cape, by a hex- 
agonal impression either raised or lowered on the caps. 
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renewal when short circuited, so that it cannot be withdrawn from the 
casing, or if it can be, a messy casing remains. 

The drop out link is the type of bare link most commonly used. The 
use of this link, together with an enclosing casing and the proper terminals, 
all of which make a renewable fuse, was patented. The patents are owned 
and controlled by the Economy Fuse and Mfg. Company. The link has 
a plurality of restricted areas which melt more quickly than the larger areas. 
It is usually made of sheet metal with the sides notched. The large por- 
tions quickly radiate the heat away from the decreased parts so that the 
cross section of the decreased parts is much less than otherwise would be 
required to carry the rated current. When this element blows, the melting 
and volatilization of the metal occur only at the restricted parts. 

The intermediate parts immediately drop away from the remainder of 



Fig. 4,117. — General Electric expulsion type fusible primary cutout opened. The cutouts 
operate on the expulsion principle. The pressure of gas generated by the melting of the 
fuse inside the explosion chamber clears the holder of unmelted portions of the fuse link 
and of conducting gases, and extinguishes the arc. The link holder extends into a tapered 
opening in the bottom of the cutout so that the gases are expelled clear of the housing. 
The interlocking gas barrier prevents the possibility of the terminals beamiing short cir- 
cuited by any conducting gas. It is important that only the fuse links designed for these 
.titouts be used. Ordinary fuse wire or other makeshifts may defeat the expulsion pria- 
.:ip!e of operation. 


Figs. 4,118 to 4,124. — General Electric expulsion type fusible primary cutout. Fig. 4,118, Cut- 
out closed; figs. 4,119 to 4,124, details of fuse and holder. 
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the link without melting. The gases released are, therefore, reduced to 


a mimmum 


Expulsion Fuses. — By definition an expulsion fuse is one 
designed to be blown in a confined space such as an explosion 
chamber. A fuse blown under such condition has the prop)erty 
of quickly opening the circuit and projecting the arc from the 
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Fig. 4,125. — Westinghouse expulsion type primary fuse cutout. 150 amperes, 7,500 volts. 
This type is intended for outdoor pole mounting for the protection of distribution trans- 
formers. in construction, the expulsion fuse tube is mounted permanently on the porce- 
lain door. The door swings vertically from a hinge at the bottom of the box, and can be 
removed for re-fusing, by lifting from the housing when in the open position. The door 
srmps into position when closed and is held securely in place at all times, thus doing away 
with the use of a latch, and also the possibility of the door being unlatched and left open 
during a short circuit. 
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open end of the chamber. The line current is opened at ap- 
proximately the zero point of the current wave, as in an oil 
break switch. The arc is ruptured imder pressure and no 
surging takes place so that synchronous apparatus is not 
apt to be thrown out of step as is often the result with open 
fuses. 

Expulsion fuses are made for voltages from 2,500 up to 110,000 and 
their design differs necessarily with the voltage and make. One type, in 



Fig. 4,126, — Westinghouse expuldon fuses; outdoor form upright mounting. Comparativa 
sizes of 4,500 and 1 10,000 volt fuses. On slow overloads the melting of the fuse element does 
not generate gas at a sufficiently rapid rate to insure the required expulsive action. There 
is, therefore, a tendency for the arc to hold, without opening the circuit. Therefore » the 
fuses should be filled with refills of sufficiently large ratings to positively insure against 
blowing on overload, yet to readily take care of short circuits. This type erf fuse diff«i 
from other types of fuses in that an air gap is interposed in the circuit, when the fuse HnW 
is blown. This feature is highly important, since it prevents leakage, such as occurs on 
high voltages in damp weather in the one tube type. This type is designed for short cir- 
cuit protection only. 


general « consists of a reinforced fibre tube, one end of which is dosed by 
a hollow metal receptacle, termed the expansion chamber. The fuse wire or 
ribbon is widosed within an asbestos tube in order to protect the insulating 
tube from injury. It is secured to a plug in the bottom of the expansion 
chamber and from this is passed through the expansion chamber and tube 
connected to a terminal block at the upper end of the tube. 
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The cross section of the fuse in the expansion chamber is slightly re- 
duced so that the point of rupture and the force of the explosion come 
inside the bulb, and therefore, do not injure the tube. When the fuse 
blows, the explosion and consequent expansion of the gases formed in 
the bulb project the arc and open the circuit. 

New fuses can be removed with a wooden handle without danger to the 
operator. The device is insulated from the ground by high voltage in- 
sulators. 

There are a number of engineering requirements that should 
be carefully considered before deciding upon the use of ex- 
pulsion fuses. They should not be used; 

1. When the capacity of the system exceeds the rupturin? capacity of 

the fuses; s j' 

2. Where the gases ejected by the blowing of the fuse are objectionable, 

3. Where short interruption of service due to the time necessary to 
replace fuses is an objection; 

4. Where overloads or short arcuits are frequent and circuits have to 
be operated selectively after a time limit. 

In all such cases, automatic oil switches should be used. 

Characteristics of Fuses.— Fuses differ from plain overload 
circuit breakers in that they are governed by both the time 
^ quantity of the current, while the overload circuit breaker 
is governed solely by the quantity of the current. 

The arcuit breaker is set to open at a certain fixed current and will open 
immediately at any greater current, but a smaller current will not cause 
it to open no matter how long it may continue. 

Standard fuses, however, will open the circuit at as small an overload 
as 25% in a certain time, and in a proportionately shorter time at greater 
overloads. 

The time element is dependent upon the capaaty of the fuse as well 
as on the amount of overload, the relatively greater amount of metal in 
the larger sizes of fuses requiring a longer time to reach the maximum 
temperature. 
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Fuse limitations. — The quantity of gas generated and of 
molten metal thrown out when a fuse blows, depends upon 
the amount of power interrupted by the fuse and upon various 
other conditions. Realizing that there were limitations be- 
yond which the use of fuses created a severe fire menace, the 
Underwriters established certain requirements that should be 
met by all cartridge enclosed fuses. 

Underwriters’ Requirements. — When the Underwriters test 
a fuse it is placed on a system of its rated voltage and on one 
capable of delivering 10,000 amperes on short circuit condi- 
tion. An easily flammable material, such as absorbent cotton, 
is placed entirely around the fuse, and covers the vents. The 
fuse must blow without igniting this material, bursting the 
tube, blowing off the ferrules or end caps, or moving the fuse 
sufficiently to injure the cutout base. If a cartridge fuse do 
not meet this requirement, to use it creates a severe fire menace. 

Fuses must carry a 10% overload indefinitely. The fuse which does 
not meet this requirement causes an unwarranted number of bum outs 
and intermptions. 

At 50% overload fuses must blow within the following time limit: 


1 to 30 amperes. 1 minute 

31 “ 60 . 2 minutes 

61 “ 100 . 4 “ 

101 “ 200 . 6 “ 

201 400 12 “ 

401 600 ‘^ . . . 15 ‘‘ 


The fuse which does not meet this requirement does not protect the 
apparatus sufficiently, and may cause the loss of valuable equipment. 

Precautions. — ^To avoid trouble the following precautions 
should be taken in the selection and use of fuses: 

1. Use only fuses approved by the Underwriters. If such fuses blow, 
correct the trouble before installing new fuses. 
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2. See that the fuse terminals and the fuse clips are clean, that good 
contact is made between the fuse terminals and clips, and that the clips 
are securely fastened to the bases. 

3 Use only the renewals intended for a renewable fuse. 

4. Do not use ordinary fuse wire or other matenal for renewals. To 
do so will cause a severe fire menace 

5. When renewing a renewable fuse, see that the links and contacts are 
clean, and that the links are securely fastened. 

6. Do not omit any part, as each part is necessary to make the fuse 
100% safe. 


TEST QUESTIONS 

1 What is a fuse'^ 

2. Name two general classes of fuses. 

3. Describe the various types of open link fuses. 

4 . How should open link fuses be used ’ 

5 What IS a plug fuse? 

6. Why is a plug fuse not an accurate one? 

7 . What IS the feature of plug fuses? 

8. Describe the construction of a plug fuse. 

9. Name two types of cartridge fuse. 

10. Describe the construction of a cartridge fuse. 

1 1 . Name two types of renewable cartridge fuses. 

12. Describe the construction and operation of an expul- 

sion fuse. 

13. What is the adaptation of expulsidn fuses? 

14. Give the characteristics of fuses. 

15. Describe the limitations of fuses. 

16. Give the Underwriters' requirements for fuses. 

17. State a few precautions to be taken with fuses. 
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CHAPTER 76 

Circuit Breakers 

The importance of circuit protective devices, commonly 
called circuit breakers, is fully recognized. The duty of a circuit 
breaker is to protect the apparatus in an electrical circuit from 
undesirable effects arising from abnormal conditions, by auto- 
matically breaking the circuit. Accordingly a circuit breaker 



Fig. 4,127. — W^tinghouse three pole, single handle, single throw, 200 ampere, 4,500 volt, 
remote control breaker. One supporting leg and the brace of tiie cover plate supporting 
framework has been removed so as to show details of constructkm. 
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Fig. 4,130.— Hoit to assemble an air circuit breaker I. Method of assembling bracket 
to upper stud. 

Fig. 4,131.— Hoir to assemble an air circuit breaker 2. Attaching stationary contact 
plate to bracket. 



Fig. 4,132. — How to assemble an air circuit breaker 3. Method of attaching statkmar> 
carb^ burning tip to bracket. 

Fig. 4,133. — How to assemble an air circuit breaker 4, Method of attaching the lami* 
nated connection to the lower stud. 


NOTE. — ^The accompanying series of illustrations showing how to assembte u circuit 
breaker, are here given to illustrate the general procedure in assembling, but rdlate in par- 
ticular to solenoid operated air circuit breakers made by the General Electric Co, 
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must comprise a switch in combination with electrical control 
devices designed to act under abnormal conditions in the cir- 
cuit. 

By definition then, a circuit breaker is a device which auto- 
matically opens the circuit in event of abnormal conditions in the 
circuit. 

Much explanation on the construction and operation of circuit breakers 
is given in the chapter on D. C. Auxiliary Apparatus beginning on page 845. 



Fig. 4,134. — Westinghouse indoor, three pole, single throw, 300 ampere, 750 volt oil circuit 
breaker, full automatic with overload trip. The principal application of this breaker is 
for the protection of slip ring motors in industrial installations where a breaker of rather 
high current carrying and interrupting capacity is required and where an enclosed breaker 
is required in order to keep out moisture, dust and dirt. When the breaker is used with 
slip ring motors and squirrel cage motors it is recommended that it be equipped with in- 
verse time limit attachments so as to prevent the breaker opening when the motor is started 
and tripping on momentary overloads. An under voltage release attachment should also 
be used so that the motor will be disconnected from the line upon failure of the power supply. 


This matter should be reviewed before reading this chapter. 

Application and Selection of Oil Circuit Breakers. — It is gen- 
erally conceded that for opening large amoimts oi a. c. power and 
for controlling all a.c. high voltage circuits, nothing is superior 
to oil circuit breakers. There are three fundamental reasons 
for this; 
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Fig. 4,136 . — How to aaaemhle an air circuit breaker 6. Placing the brush insulation in 


position. 



Figs. 4,137 and 4,138.— Westinghouse circuit breakers. Fig. 4,137, outdoor form; fig, 4,138, 
sub-way form. Capacity, 4,500 volts, 200 amperes. The outdoor form is adapted for 
controlling lines where they enter buildings, for branch feeders from the main lines and 
for sectionalizing feeders. It is enclosed in a weather proof case, provided with lugs for 
facilitating the mounting of the breaker on a pole. The leads are brought out underneath 
the top part of the case through sealed bushings which prevent the entrance of rain oc mois* 
tore to the interior of the switch. The subway form is intended for moiinting in sub- 
ways, manholes, or other places where a breaker may be required to operate submerged. 
The subway form of breaker is made two, three or four pole, single and double throw. These 
breakers are essentially knife switches submerged in oil and arranged for external operation. 
The main moving contacts are extended so as to engage an auxiliary arcing piece which is 
mounted on, or attached to, the stationary contact jaw. This auxiliary ^tact takes the 
final break, thus iwreventing any burning of the main contacts. The arcing pieces arc in- 
expensive and readily replaced when worn or burned away. 
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1 . The fact that this type of breaker terminates the a.c. wave 
at its normal zero value, eliminating excessive surges in the con- 
nected circuits; 

2. The compactness of form of this apparatus; 

3. The fact that this type of apparatus properly designed 
reduces the fire and life hazards to a minimum. 


Fig. 4,139. — Westinghouse elec- 
trically operated oil circuit 
breaker horizontally arranged 
leads, 600 amperes, 15,000 
volts showing breaker mount- 
ed on structure with two doors I 
and one tank removed. The | 
multiple type electrical sole- 
noid operating mechanism, 
having closing tripping, accel- 
erating and shock absorbing 
features self contained, 
mounted on the top of the I 
bed plate from the under side 
of which the individual pole 
uiuts are suppcwted. The lift | 
rods of each pole unit are con- 
nected to a common operating | 
lever, actuated through 
toggle lever by the solenoid 
operating mechanism. Power- 
ful accelerating spirings are 
provided as an integral part 
of the operating mechanism 
to zissist gravity in forcing the 
breaker to the open position. 

Air cylinder dash pots absorb 
the momentum of the mech- 
anism in closing and opening. 

The bed plate is also equipped 
with leather bumpers to sup>- 
port the weight of the moving 
contacts and rods after the air 
cylinder dash pots have 
brought the breaker to rest in 
the opien position and without 
shock. The flange at the top 
of the tank engages the flange 
on the expansion chamber or 
the steel supporting frame of 
the circuit brewer top casting. 

This construction securely and 
positively interlocks the parts and prevents distortion or opening at the upper end of the 
tank in case of high internal pressure. Steel tie rods attached to the circuit breaker top 
casting, support the tank by means of a cradle in which the bottom of the tank rests. 
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When an oil circuit breaker is opened under load, an arc is 
formed between the stationary and the moving contacts, the siie of 
the arc depending upon the voltage, the amount of current and 
rate of contact separation. 

The heat of the arc disintegrates some portion of the arcing contacts 
and some of the oil surrounding the contacts, forms a gas bubble, the size 
of which depends on the amount of current flowing and on the duration of 
the arc. If this gas bubble be immediately carried away from the contacts, 
and the contacts have been sufficiently separated, the arc will persist only 
until the next zero of the current wave. The ability of the bubble to leave 



Fig. 4,140. — How to aasemble an air circuit breaker 7. Method of fastening the brush 
support to the brush. 


Fig. 4,141. — How to assemble an air circuit breaker 8. Attaching the movable carbon 
burning tip to secondary spring. 


the contacts depends upon the relative specific gravity of the gas and oil, 
and the head, volume, and viscosity of the oil. Oil having high specific 
gravity and suflftcient head will exert enough pressure to for^ the gas 
bubble up and away from the contacts, irrespective of their position. 

The relation of the horizontal section of the oil to the cross sectional area 
of the contact and terminal arrangements will also determine the ease with 
which the gas bubble will clear itself of the contacts. If there be a liberal 
clearance for oil around the contacts and if the oil movement be unimpeded, 
the pressure of the head of oil will force the bubble out into the free oil 
space, up to the expansion chamber, and clean cool oil will displace the 
gases. 

- The selection of an oil circuit breaker for application to an electrical 
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F'ig 4,142. — Westinghou8e carbon circuit breaker plain overload trip attachment. It is 
used to trip a breaker whenever the current in the circuit which the breaker protects ex- 
ceeds a certain predetermined safe value. It consists of a coil m series with the line, the 
ampere turns of which act on a magnetic circuit consisting of a stationary porticm and a 
movable iron armature. When the ampere turns of the series coil are great enough, or in 
other words when the current through the series coil reaches a certain value, the magnet 
armature is attracted to the stationary portion and this movement serves to trip the breaker 
latch. The amount of current required in the series coil of a given overload trip device to 
cause it to trip the breaker is necessarily dependent upon the air gap between the movable 
armature and the stationary magnet. Various tapping points can be obtained by varying 
this gap. 


3. Rated frequency; 

4. Interrupting capacity; 

5. Momentary-current carrying capacity. 


Systems may be classified according to their normal operating 
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voltage, normal current, normal frequency and current tran- 
sients. 

The rated voltage of a breaker is the maximum voltage in r.m.8. 
volts between any two wires of any circuit to which the breaker 
should be connected. When referred to the breaker, it is a 
function of its insulation strength and of the safety factor 
desired. 



Fig. 4,143. — How to assemble an air circuit breaker 9, Attaching the btiJBfer to the sole- 
noid magnet frame. 

Fig. 4,144. — How to aaaemble an air circuit breaker 10, Assembling closing and trip- 
ping pins. 


Under short circuit conditions alternators develop instantaneously many 
times their normal load current, while the sustained short circuit current 
is approximately two and a half to three times normal, or even higher with 
turbine alternators. 

Hence, circuit breakers of the so called instantaneous typ^ must be 
capable of rupturing the circuit when the current is at a maximum, whereas, 
non-automatic switches, or circuit breakers with time limit relays will be 
required to interrupt only the sustained short ctirrent circuit. The reason 
is evident, since the delay in opening the switch allows the current to ap- 
proach the sustained short circuit conditions. 
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Attachments. — Low voltage, high voltage and shunt tripping 
devices are generally made up as attachments to circuit 
breakers, and are so arranged that they can be applied to the 
breaker without changing it in any way. Auxiliary switches 
are also made up as attachments. These switches are either 
circuit closing, circuit opening; or combined circuit closing and 



Fig, 4,145. — Westingnouse series or transformer trip coil with inverse time limit attachment 
complete. 


Fig. 4,146. — Westinghouse series or transformer trip coil attachment or shunt trip attach- 
ment complete. 


circuit Opening, depending upon the particular service they have 
to perform. 

Auxiliary switches are named according to the position, 
open or closed, which they take when the circuit breaker is open. 

For instance, a circuit closing switch is one that is in the closed position 
when the circuit breaker is open and a circuit opening switch is one which 
is in the open position when the circuit breaker is open. 

Circuit closing auxiliary switches are generally provided with a means 
for setting them in the open position at the will of the operator, when the 
circuit breaker is open. This arrangement is such that as soon as the circuit 
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Fig. 4,147. — Westinghouse carbon circuit breaker inverse time limit overload attachment 
It will trip on practically any overload impulse above its setting unless this impulse lasts 
only an extremely short time. There are times, however, especially in starting a motor, 
when the tripping of a circuit breaker on short time overloads is undesirable. For cases 
of this kind inverse time limit attachments are provided. This inverse time limit attach- 
ment is of the sucker type. The sucker which is a smooth surfaced metal disc is attached 
to the overload armature and normally rests on the smooth bottom surface of a pot con- 
taining a small quantity of oil (approximately 3^ in. deep). The resulting sucker actioci 

retards the starting of movement of the overload ar- 
mature and unless the overload which occurs be very 
heavy, a considerable time will elapse before the 
armature can move 



Fig. 4,148. — Westinghouse single handle, single throw 
cover plate complete with two transformer trip coib 
and direct trip attachments. 
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breaker is again dosed, the switch automatically assumes its normal 
operating condition and is ready to close the circuit when the breaker opens 
again. Circuit closing auxiliary switches are used for ringing alarm bells 
or lighting lamps to announce the automatic opening of a circuit breaker. 
They are also used for closing the coil circuit of the shunt trio attachment 
of another circuit breaker for the purpose of interlocking 



FiC. 4,149. — ^Westmghouse carbon circuit breaker under voltage release attachment. Used 
as an automatic tnp when the supplv voltage drops to a predetermined value. The mech- 
anom consists of a solenoid type of magnet the movable core of which is held to the stationary 
core against a strong sprmg. When rated voltage is applied to the coil of the magnet, suffix 
cient current flows through it to hold the movable core against the resistance of the spring, 
but when the voltage drops to less than 50% of normal the pull of the magnet is no longei 
great enough and the spnng propels the movable cotc upwards, thus topping the breaker 
^"or use onirf.c. the magnet is made of sohd iron but for a.c. service the iron parts are lam^ 
mated. 
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Circuit opening auxiliary switches are used for opening the circuits of 
shunt trip and low voltage attachments and like service. 

Combined circuit closing and circuit opening auxiliary switches are, as 
their name indicates, used to perform the functions of both circuit closing 
and circuit opening switches. 

High Speed Circuit Breakers. — This type was designed to 
protect synchronous converters, dynamos, motor generator sets, 
motors, and feeders from flashover or strains and damage re- 
sulting from short circuit or heavy overload conditions. 
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Pig. 4,150 — Wedtmghouse carbon circuit breaker shunt trip attachment. U»€d m tripping 
by means of a push button from some distant point or is sometimes used with circuit doidng 
relays for trippmg the breaker. The shunt tnp magnet is of the solenoid type, the movable 
core of which is pulled toward the stationary core when the shunt coil is energized. Move- 
ment of this core trips the circuit breaker and the coil is immediately cut out of circuit 
by an auxiliary contact on the cucuit breaker when the latter opens. This is necessary 
since the shunt tnp coil is short time rated and would soon bum out if the voltage were 
applied for any length of time. The total movement of the tnp magnet core or that part 
which is used to move the trigger of the breaker should be just enough to tnp this trigger 
free of the latch lever. This adjustment should be taken care of when mounting the at- 
tachment on the panel. A brass washer is placed between the movable and stationary 
cores to prevent “freezmg." This permits the moving core to return to its normal positian 
after the coil is de-energized and it is then ready to again perform its tripping function. 
Absence of this brass washer will permit sufficient residual magncdsm to h<^ tiie movable 
core against the stationary core, even after the coil is de-energized, and it will then be im- 
possible to trip the breaker open by means of the shunt tnp until the movable core Is for- 
cibly retrieved or until the residual magnetism disappears and the core drops back of its 
own accord The standard range of coil voltage over which the shunt trip mecivmism op- 
erates is 56% to 112% of normal rated coil voltage 
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For the protection of dynamos and synchronous converters the recommended 
practice is to connect the high speed breaker in the negative side of the 
dynamo then under short circuit conditions the circuit breaker opens 
very quickly, cutting into the circuit resistance which is connected across 
the terminals of the breaker. This resistance cuts down the current to a 
value within the commutating capacity of the dynamo or conirerter. 
The opening of the breaker actuates a tapping circuit which opens the 

f^agrtctic Circults’bf Holding Coll ^nd Budk1n9"'0^' 
to the JR-IO High Speed. Circuit brea^Ker 



Fig. 4,155. — General Electric high speed trip free circuit breaker. In conMtruction a con- 
tact arm is held in a closed position against powerful springs by an armature excited from 
a magnetic circuit of a shunt coil. A senes coil, commonly called the “bucking bar’^ which 
carries the current of the main cucuit, is located m such a way as to exert m the holding ar- 
mature a magnetic force which is in opposition to the magnetic force from the shimt holding 
coil. Mn operation as the mam current increases, the magnetic flux is shifted from the head- 
ing armature to the iron in the loop of the “bucking bar,“ here shown, thus reducing the 
armature flux sufficiently so that at a mam current equivalent to the tripping pc^t of the 
breaker, the contact arm is released. With such an arrangement the holdmg armature is 
released almost instantaneously after the topping pomt has been reached, resulting in high 
speed operation. When the contacts of the breaker open, the arc is blown upward by 
powerful blowout coils on arcing horns mounted in the arc chute When the arc has been 
lengthened sufficiently it collapses completely, thereby openmg the circuit. 


Figs. 4,151 to 4,154 . — Text continued 

but the contact arm is held from making contact by the resettmg mechanism as shown by 
fig 4,153 As the resettmg mechanism is released, the contact arm is rotated to the closed* 
position by the pull of the mam springs which are attached to the contact arm below the 
pivot pin. The resettmg mechanism therefore, must be retracted before the main circuit 
can be closed, thus permitting the breaker to immediately trip m case of an overload or 
short circuit, as shown in fig 4,154 The bottom of the arm is held approximately ata- 
tionar>\ when opemng quickly, by the weight of a heavy copper casting and flexible copper 
shunts which are attached to this end. 
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circuit brcukcr on the positive side of the dynanio. This positive breaker 
may be a high speed breaker arranged to trip on a reversal of dynamo 
current. This insures the maximum protection. The operation of a hivh 
Speed breaker is shown in 4,155. 



Fig. 4,158.— floir to asBemhle an air circuit breaker 13. Attaching the brush suonort f 
sotenoid magnet frame. 

Fig. 4,159. — How to aeeemhle an air circuit breaker 24. Attaching the main toggle links 
to solenoid magnet frame. 
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Fig 4,160 and 4,161 — Westmghouse carbon circuit breaker reverse current trip mecbankatn. 
Used to protect a circuit against reversal of power or reversal of current It conaiMta of a 
stationary magnet energized by a series coil and a movable iron armature energized by a shunt 
coil, or vice versa. For a given shunt coil voltage the armature acts in a way similar to a per- 
manent magnet. This armature is pivoted midway between two pairs of poles on the series 
magnet and wiU be attracted to one pair or the other depending upon the relation of shunt 
and senes ampere turns When the series current is flowing in the normal direction the 
armature is attracted to one pair of poles against an adjustable cam. When the current 
reverses, the shunt coil current still remaining the same in direction, the am^ture is at 
tracted to the other pair of poles and if the reversal of current be as lairge or larger than the 
settmg, the armature will move over and trip the breaker The amount of current reversal 
required depends ujxjn the air gap relation between the stationary and armature poles 
This relation may l^ varied by means of an adjustable cam. It is evident that voltage 
must be applied to the shunt coil m one particular direction. When the cod is mcorrectly 
connected the reverse current attachment will tnp the breaker open when current flows m 
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Automatic Network Circuit Breakers. — Briefly a network con- 
sists of a number of sources of power interconnected in such a 
manner that any or all of ike power sources may be drawn upon to 
feed into any one of the power consuming stations. 



pKi. 4,162.~-Westuighouse automatic network circuit breaker. It ha» three poles, and three 
relays for use on three phase circuits; on two ptiase and single phase service, the middle 
pole is left idle. ^The relays are the master relays which control the operation of the circuit 
breaker. Two of these are required lor single phase and two phase; and three, for three 
phase service, In addition to the carbon circuit breaker, closing coil, mechanism relay or 
master relays, there are required reactive shunts, tungsten lamps, an auxiliary switch, a 
thermal operating indicator with its auxiliary switch, and emergency fuses. The complete 
network unit is mounted on a suitable slate base. 


Fig. 4.160 and 4,161 . — Text continued. 

the normal direction. In this case the leads should be reversed. The armature of this 
device ia retrieved by means of a light spring after tripping. However, the shunt coil must 
be cut out of circuit to accomplish this, when the breaker opens. This is done by means 
of an auxiliary switch on the breaker. Two screws, one at each end of the calibration scale, 
prevent the calibration cam moving beyond its lan^. 
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Fig. 4,163. — Operating mechanism. It consists of a closing coil and a relay mounted within a 
network breaker housing. It is equipped with a socket by means of which the breaker can 
be operated by hand when required. Placed just above the closing coil is the under voltage 
release attachment which, together with the operating mechanism, is enclosed in a metal 
housing as a protection against dirt and insects. The reactive shunts are composed of 
bundles of laminated iron, stacked on a copper bar, and mounted under the pedes of the 
carbon breaker. The size of the shunt, or the amount of laminated iron, depends on the 
ampere rating of the network unit. The purpose of the reactive shunt is to limit the rate 
of the flow of the current through the relay current coils, which would have to be especially 
designed to carry an extremely wide range of current if connected directly in the line or across 
a non-inductive shunt. Owing to the saturation of the iron, the percentage of line current 
which the relay coils receive decreases rapidly with the increase of current flowing through 
the breaker. Furthermore, since the iron is saturated at a comparatively low value of 
current, the shunt reactance drop for a large line current does not reach an excessive value. 
The Tungsten lamps are of the standard miniature base type, and when hot, have about 
ten times the resistance as when cold. Therefore the current in the phasing coils does not 
increase in direct proportion to the impressed voltage. The impressed vedtage varies from 
a few volts (when the transformer voltage is in phase with, and slightly higher than, the 
network voltage) to twice the full line voltage. It is obvious that some method of this 
nature is essential in order to secure sufficient sensitivity on low voltages and yet protect 
the coils against excessive currents on high voltages. The aux. switch A, (fig. 4,165) is a nmall 
contact making device which is closed upon energizing the under voltage release coil. It 
is mounted as part of the operating mechanism, between the closing coil and the mechanism 
relay. The closing of the auxiliary switch contacts completes a circuit ucroas the line, 
through the closing coil of the operating mechanism, thereby causing the main breaker 
to close. It is so arranged that it will open as soon as the breaker is latched in, and thereby 
de-energize the closing coil. 
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A secondary network is an interconnected low voltage system 
in which common mains, fed by a number of distribution trans- 
formers located at separate points are used to supply energy to 
numerous customers. 

A secondary network may be single phase two wi^e, single pnase, three 
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Fig. 4,164. — Westinghouse carbon circuit breaker solenoid closing mechanism. The closmg 
solenoid coils have a short time rating and m order to avoid burning them out must be cut 
out of circuit as soon as the breaker is closed and latched This is ordinarily done by means 
Of a control drum switch and a small contactor which is connected m series with the closing 
coil. When the control drum switch is turned to the "on” position, the contactor closes 
and energizes the closing coil After the breaker is closed, the operator cuts off the closmg 
coil by allowing the control drum switch to return to neutral position This releases the 
contactor, which in turn opens the closing coil circuit Telescoping closing links are pro- 
vided which permit the closmg magnet to retrieve by gravity after the breaker is closed 


Wire; two phase, three wire; two phase, five wire; three phase, three wire, 
or three phase, four wire 

When a fault develops in a transformer or feeder supplymg a secondary 
network, the network will feed back into the fault. If this condition com 
tinue, the heavy feed back current will result in a deaded drop in voltage 
and may cause considerable damage to the transformer or feeder at fault. 
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Special protective devices of the reverse power type should be employed, 
to disconnect the transformers and network. They should, however, be 
non-automatic on overload, as it is usually desirable to permit low voltage 
troubles to bum themselves clear. To make possible, therefore, the satis- 
factory operation of a.c. secondary networks, the a.c. automatic network 
circuit breaker has been developed. 

A typical a.c. automatic network circuit breaker consists of 



Fig. 4,165. — Wiring diagram showing connections for 500 ampere, 3 pole, 3 phase Weatiag- 
house automatic network circuit breaker unit. The thermal operation indicator cxmaists 
of a resistor tube surrounding a phial of wax. When the circuit breaker is opened, the re- 
sistor is connected across the distribution transformer by means of the auxiliary s^tch B. 
If the transformer be energized, and the circuit breaker fail to close, the resistcxr heats, 
causing the wax to melt and run down the sides of the phial. This action provides a rdiable 
record of the failure of the network unit to close. In the closed position, the breidBer Is 
locked and can only be opened manually. The neutral posit^n leaves the breaker 
mechanism free to operate normally, while the open position blocks the main breaker com- 
tacts open, and in addition, opens a series swit^ in the operating relay mechwism coil 
circuit. This gives double as.surance against closing. 


an electrically closed and tripped carbon circuit breaker with a 
group of relays as illustrated in fig. 4,162. 
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Care of Circuit Breakers . — A reasonable amount of attention 
should be given to circuit breakers to obtain the best results. 
All bearings must be lubricated so that the moving parts will 
work without undue friction or wear. To determine if it be 
necessary to make adjustment, an impression should be taken on 



Fig. 4,166. — How to assemble an air circuit breaker 15. Connecting the toggle links to 
the main toggle. 


Fig. 4,167. — How to assemble an air circuit breaker 16. Connecting the links to the brush 
support. 



Fig. 4,168. — How to assemble an air circuit breaker 17. Inserting the operating coil in 
the scdenoid magnet frame. 


Fig. 4,169. — How to assemble an air circuit breaker 18. Inserting the trip coil in 
solenoid magnet frame. 
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Fig. 4,171. — How to assemble an air circuit breaker 19. — Attaching the plungers ancf 
collars. 


Fig. 4,172. — How to asHerr*ble an air circuit breaker 20. Attaching the cover to the sole- 
noid magnet frame. 



Figs 4,173 ^ 4,174. — Westinghouse carbon circuit breaker electric lockout attachment. 
Thwe are times when it is desired to lock a breaker in the open position when certain con- 
ditions exist. For this purpose a lockout attachment is provided which either latches the 
breaker open or else interposes an arm which opposes the movement of the brush. Depend- 
ing upon requirements the coil may lock the breaker open when energized or it may be so 
arranged as to lock the breaker open when de-energiaed. 
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for long periods, the contact surfaces gradually oxidize, and that this oxida- 
tion greatly increases the resistance of the contacts, and heating results. The 
design of the circuit breaker is frequently thought to be the cause of this 
heating, while, as a matter of fact, if the circuit breaker had been fre- 
quently operated, no such trouble would have been experienced. In order 
to insure against trouble of this kind, arrangements snould be made to have 
the circuit breaker opened and closed vigorously at least once a week, for 
a dozen times or so. This would impose no real hardship on the attendant, 
and would save repair and replacement bills. 



Fig. 4,175 — Electric lockout attachment, arranged to lockout when coil is de-energised. 


In operation, the circuit breaker is closed electrically by means 
of an fl.c. solenoid, and is tripped electrically by means of an 
undervoltage coil (mechanism relay) . The contacts of the mas- 
ter' relays are connected in series with the coil of the mechanism 
relay, so that, when these contacts are opened, the coil is ener- 
gized and, when the contacts are closed, the coil is de-energized. 
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When the mechanism relay coil is energized, it closes an auxiliary switch 
Ay in series with the closing coil. This switch connects the dosing coil 
across the line and causes the circuit breaker to close automatically. The 
instant the circuit breaker is latched, however, this same auxiliary switch 
cuts off the closing coil so that it is on the line only dunng the closing opera- 
tion. As long as the mechamsm relay coil is energized, the circuit breaker 
remains dosed When the mechamsm relay coil is de-energized, which 
occurs when the master relay contacts open, the circuit breaker taps. 



Figs 4,176 to 4,179 — Sand paper holder. Care of circuit breaker mam contacts In re- 
gard to heating, the mam brush is the vital part of the circuit breaker When in good 
condition it should carry rated current at a temperature rise not exceeding 30° C above am- 
bient temperature While it is true that overheating may be due to any one of a number 
of other causes, it is due in a large majority of cases to poor condition of the mam brush 
contacts Assuming that the current flowing through the brush is no more than its normal 
rating, abnormal temperature may be due to 1, msuflicient contact pressure, 2, poor elec- 
trical contact between brush and stud head For the first case an adjustment is provided 
so that proper contact pressure can be obtained An eccentric pin in the closing toggle 
when unclamped and turned by means of a screw driver so as to move the brush closer to 
the studs will give whatever increased pressure is required, as in fig 4,129 In the second 
case poor electrical contact may be due either to copper oxide formation on the contact 
surface or else to failure of some of the brush laminations to touch the stud head It should 
not be assumed that when a circuit breaker stays closed for a long time that it needs no at- 
tention Oxides form just the same and the circuit breaker should be opened occasionally 
so that the upper and lower brush contacts and stud heads may be cleaned with fine sand- 
paper A good way to hold the sandpaper is here shown To determine whether the brush 
and stud heads be making good contact mark the brush contact surfaces with a soft pencil. 
Place thin pieces of paper under the brush and then close the circuit breaker. An imprint 
on the paper of every lamination of the brush mdicates good contact On the other hand, 
blank spaces here and there will indicate that some of the laminations are not touching 
In this case it will be necessary to refit the brush very carefully by means of a file until it 
makes a good contact 
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The automatic operation of the circuit breaker is controlled 
by the master relays. 

These relays are designed to open the circuit breaker under conditions of 
reverse energy flow; that is, when current flows from the network to the 
feeder. They are designed to prevent automatic reclosing of the circuit 
breaker, unless the voltage and phase relations between the network and 
distribution transformers be correct. These relays are the single phase 
induction type with revolving copper disc. Two independent sets of coils 
serve to actuate the disc. One set, the current coils, is connected across a 
special reactance shunt, and in conjunction with the regular voltage coil, 
produces a revolving magnetic field which causes the copper disc to rotate. 



Fig. 4,182. — How toasaemhle an air circuit breaker 21, Attaching trip lever to solenoid 
magnet frame. 


Rig. 4,183 . — How to assemble an air circuit breaker 22, Assembling overload trip lever 
to the tripping link. 


its direction depending on the direction of the energy flow. The current 
coils are in circuit only when the circuit breaker is clo^, and consequently 
influence the operation of the relay while the line current is flowing. 

Under the condition of normal energy flow, from the distribution 


NOTE. — Insufficient contact pressure. If the contact pressure be not enough, it is 
obvious that tightening the nuts is the remedy. Insufficient contact area may be due to 
untrue surfaces on the nuts, studs or bus bars or terminals, or too small or too few nuts. Con- 
tact surfaces that were true when made may become untrue by being battered, raising high 
spots on the surface. When the amoimt of battering is small and the surface is plain, the 
best way is to carefully file off the high spots. If the amount of battering be large, it is best to 
machine the surface. Where it is the threads on the studs that are battered, they can usually 
be nartially restored bv filing away the high spots with a <unall three-ccMnered file. 
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transformers to the network, the current coils in conjunction with tlie 
voltage coil maintain the relay contacts in the closed position . 

On the reversal of energy flow the copper disc revolves in 
the opposite direction, opening the relay contacts, which de- 
energizes the under voltage release coil. 

This trips the circuit breaker open, disconnecting the transformers and 
network. 



Fig. 4,184 - — How to assemble an air circuit breaker 23. Meth<xi of placing the upper 
ccMitact stud in position on panel. 

Fig. 4,185 . — How to assemble an air circuit breaker 24. Method of placing lower stud 
and overload magnet frame in position on panel. 


The other set, the phasing coils, take the place of the current 
coils when the circuit breaker is opened. 

They are connected directly across the circuit breaker, and in effect 
measure the vectorial sum of the transformer and network voltage. 

If the transformer voltage be slightly higher than the network ventage, 
arid in phase with it, these coils, in conjunction with the voltage cx)fl, wik 
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cause the relay disc to revolve to the contact closing position, causing 
the circuit breaker to close. 

A transformer voltage, equal to, or less than the network voltage, or 
out of phase with it, will cause the relays to revolve tc the contact opening 
position, the circuit breaker remaining open. 

Should the network circuit breaker fail to close, the wax in the phial of the 
thermal operated indicator will melt, indicating its failure. Failure of the 



Fig. 4186. — How to assemble an air circuit breaker 25. Methcxi of placini; solenoid and 
operating mechanism in pxDsition on panel. 

Fig. 4187.— to assemble an air circuit breaker 26. Assembling brush to brush lever. 


circuit breaker to open, or the reversal of current can be detected at the sub- 
station by feed back indication. Fuses provide ultimate protection in case 
the unit fails to open on a high voltage feeder fault or short circuit. 

The mechanism relays will trip the circuit breaker on drop in the voltage 
due to a secondary short circuit immediately adjacent to the distribution 
transformers. 

The general practice is to supply no protection against or- 
dinary secondary short circuits, but to depend on the current 
to bum them clear. 
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It will be seen from the foregoing description that the network circuit breaker of 
each feeder opens when the feeder station circuit breaker is opened at the sub-station. 
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This affords a means of disconnecting the transformers during light load 
periods. It will be seen also that the network unit breaker closes auto- 
matically to reconnect the transformer to the system when the station 
feeder breaker is again closed. This results in enabling the station attend- 
ant to operate the system so as to eliminate light load iron losses and secure 
the maximum transformer efficiency. 


It will further be noted that the transformers on a feeder 



?'iG. 4,190 . — How to asaemhle an 
coatact condition. 


SWITCH KORMALLY OPEN. 
0PLN5 AUTOMATICALLY 
WHEJ4 RELEASED 



/DYNAMO 

air circuit breaker 29, Adjusting brush for perfeci 


Fig. 4,191. — Connection diagram for General Electric reverse current air circuit breaker for 
capacity up to 600 amperes. 



Figs. 4,192 to 4,194. — Impressions made on paper showing proper contact conditian. Each 
laminatkm of the hub will leave a distinct impression for its total length if contact be good. 
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circuit will be automatically disconnected from the netwOTk 
in the event of a primary short circuit, and thus clear the trouble 
from that part of the distribution system. This permits oper- 
ating the network from the other feeders. 


TEST QUESTIONS 

1 . What is the difference between a circuit breaker and 

a switch? 

2. Describe an oil circuit breaker. 

3 . What happens when an oil circuit breaker opens a 

loaded circuit? 

4 . Give classifications of circuit breakers. 

5. What is the difference between a circuit closing, and 

a circuit opening circuit breaker? 

6 . Describe the under voltage release attachment. 

7 . What is an inverse time limit overload attachment? 

8 . Describe a shunt trip attachment . 

9. What are high speed circuit breakers used for? 

10 . Describe the operation of a high speed trip circuit 

breaker. 

11 . Describe in full detail how to assemble a circuit 

breaker. 

12 . Describe a reverse current trip circuit breaker. 

13 . What is a network? 

14 . Describe the operation of an automatic network cir- 

cuit breaker. 

15 . Describe the solenoid closing mechanism. 

16 . Describe the method of caring for circuit breakers. 
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17. What happens to the contact surface when a breaker 

is allowed to remain closed a Long time? 

18. How are the contact surfaces put in proper condition? 

19. What IS the object of an electric lockout attachment? 

20. What results from insufficient contact pressure and 

area? 
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Is a gold mine of daily, practical helps for workers in every branch of engineering. A self educating stiMM 
course for the student, the standard reference work for the chief. Thousands of rules, tables, caicula^ons 
and diagrams make it easy to read and learn. Latest Inside Information on theory and practice of modini 
engineering for reference, study and review. TTiousands of new short-cuts that make the Job easier. 

D pocket volumes with ready reference index, 4500 pages, 7760 iliustratlQns. Easy JtG (Md* en- 
dorsed. Help in securing engineer’s license. 

Vol. 1 — Engine principles, valve setting, pumps. 470 pages, 847 illus. 
yol. 2— Corliss, uniflow, pumping, contractors engines. 600 pages, 997 illus, 

Vol. 3 — Locomotive, marine, turbine engines, indicators. S75 pages, 793 lilus# 

Vol. 4 — Gas, gasoline, oil engines, producers, aviation. 476 pages, 640 illus* 

Vol. 5— Steam, fuel economy, boiler construction. 626 pages, 755 illus, 

Vol. 6 — Firing, oil burners, stokers, repairs. 675 pages, 999 Illus. ’ 

yol. 7 — Pipe fitting, heating, refrigeration, elevators. 550 pages, 1071 il!us« 

Vot. 8— Wiring and electrical reference. 1040 pages. 2600 illus, 

□ AUDELS ANSWERS on Practical Engineering. .$| 

gUESTlONS AND ANSWERS COVERING THE FUNDAMENTAL PRINCIPLES GOVERNING PRAC- 
TICE OF STEAM ENGINEERING. FOR ENGINEERS. FIREMEN, MACHINISTS. 

288 pages, fully illustrated, handsomely printed and bound. 

□ AIDELS QUESTIONS & ^WERS FOI 

ENGINEERS AND FIIEMANS EXAMINATIONS . . . SI 

An aid for Stationary. Marine, Diesel & Hoisting Engineers’ Examinations for all grades of Lloenees. A new 
concise review explaining in detail the Principles, Facts & Figures of Practical Engineering. Over 800 Plitt 
4c 435 Illustrations of Questions & Answers, fully indexed for ready reference. Pocket size. 

□ AUDELS SHIPFITTERS HANDY BOOK SI 

288 PAGES OF INFORMATION, INSTRUCTION, PICTURES AND REFERENCE CHARTS, TOGETMEll 
WITH MANY SHORT CUTS AND TROUBLE SAVERS FOR SHIPFITTERS IN THEIR DAILY ROU* 
TINE. EVERY SHIPFITTER NEEDS THIS BOOK. NO OTHER TRADE BOOK LIKE IT. 

□ AUDELS AIRCRAFT WORKER $| 

A HANDY POCKET BOOK FOR ALL MECHANICS, LEADMEN, LAYOUT MEN, DRAFTSMEN, OS- 
SIGNERS, APPRENTICES AND STUDENTS. 240 pages—fully illustrated and indexed. Flexibte binding 
Answers your daily questions with clear, concise practical information, pointefs, fagts aM figaw t; 


□ PAIHTIHG t DECORATING METHODS 


CS 


A TEXTBOOK FOR APPRENTICE AND JOURNEYMAN. PRODUCED UNDER PtRECTION OF tflTISe 
NATtONAt ASS N OF MASTER PAINTERS AND DECORATORS. 

Sm 880 pages-fully itlustrated. PRACTICAL INFORMATION— EASY TO UNOEIt8TAR«b 

The purpose of this book is to help educate men to be first class Journeymen iiouse paiiiters end diOSlW* 
ters. Painting problems are quickly and easily worked out by Its aid. 

Coven tools, materials, outside and inside work, floor end wood flnishino, paper fiiiiininti init nifl1lli1illM[i 
A Siml9$ prognssivo outline for each class fil mia 

a AUDELS GARDEIERS D GROWERS GOIIES 

fpCPERT GUIDANCE FOR BETTER FRUIT, FLOWERS, VEGETABLES.. 

Mira is yotm opportunif^ to fit a vast amount of expert | ‘ 

ihert cuttH-ditcoverits for better resttlts. . . ^ 

4 pvactlcat blip reference volpinef— 1780 paiM—rbdi, Gexlblo covm««-liimdreds of w a^ n U ain ^ 

V^ 1— WerMno, fertlthdi^ b^tti^, draining the soH—fid pages, 

Vif. G— Good vegetables aurket i^eithig— 448 page^ Rdty Rlii^rg^ 

VoL culture, caili crcMS— 4St pales, Bitty IRiittiited. 

Vil. 4— Biptmal fiowers, tuccessBit cutthiation, pm 



□ AOBELS ELECTRIC MOTIHt GOIDE. ... .$4.M 

JUST OUTl Covers the eonetruetion, hook-tips« oootrol, mabitefumce and trouble shooting of all types of 
motors induding armatwe winding. Explains entire subject in every detail. A Handy Guide for Electrldans 
and aU Eleetrieal Workers. 

Ow 1000 Pages of Information— ^1 Instructive, Interesting Chapters— 617 Diagrams, hook-ups and thaw- 
ings. All types of motors fully Illustrated and indexed for ready refo'ence. 


□ RUDELS QUESTIONS & ANSWERS FOR 

ELECTRICIANS EXAMINATIONS SI 

A PRACTICAL BOOK TO HELP YOU PREPARE FOR ALL GRADES OF ELECTRICIANS LICENSE 
EXAMINATIONS. A Helpful Review of all the fundamental principles underlying each question and 
•nsvmr needed to prepare you to solve any new or similar problem, which while being asked differently 
still calls for the same answer and knowledge. 

Covering the National Electrical Code, Questions and Answers for License Tests; Ohm’s Law with 
applied Examples; Hook-ups for Motors; Lighting and Instruments; 250 Pages. Fully Indexed and 
Illustrated. Pocket $««. Flexible Covers. A COMPLETE REVIEW FOR ALL ELECTRICAL WORKERS. 


□ AQOELS WIRING DIAGRAMS FOR 
LIGHT G POWER 

Gttfrfefins, wlremen. linemen, plant superintendents, construction engineers, tlectrlcal eontracton 
and students will find these diagrams a valuable source of practical help. 

This book gives the practical man the facts on wiring of electrical apparatus. It explains cfoaHy bi 
simple language how to wire apparatus for practically all fields of electricity. Each diagram is eomplett 
wd sdf-eipliinjno— <10 pages, llimtrated. A PRACTICAL, HANDY BOOK OF HOOK-UPS. 


□ AUDELS HANDY BOOK OF PRACTICAL 

ELECTRICITY .„.U 

KR MAINTENANCE ENGINEERS, ELECTRICIANS AND ALL ELECTRICAL WORKESlSU 

fS40 fnigtt, 2600 illustrations. 

A gtil^ fimpllfied, ready reference book, givifli complete instruction and practical informathm on thf 
fides and laws of electricity— mainteninca of electrical machinery — ^A.C. and O.C. m<rtors— armaturf 
winding and repair— wfrlng diagrams— house lighting — power wiring— cable dicing— meters— bit- 
terfet— tra ns for me rs— elevators — electric cranes— fiifways---belis— sign flashers— telephone — Ignition— 
tadk) prhwd ii le s -- r efrigeration— air conditioning— oil btimwi — air compressors— weWing, and many 
MOtfem apptmioRS explained so you can understand. 

T»£ KEY TO A PRACTICAL UNDERSTANfilfiO OF ELECTRICITY. 


□ ABOOS ELECTROIiC DEVICES $2 

rm$ WHAT Y0« WANT TO KNOW ABOUT THE ELKTRtC EYE. 

Covering pheto-alectflc eetts and their appltcatlsns. Includes eailty imderstood exptaftatiens of Kbo 
worldttgs of the efeetric m uapDisrs, aoedes, oandleMynr, color teoNiiratitre, IHufulnaUflR, R-iQiito* 
tkt, Mo tubes, M hm, veftage, phetoHdUs^ Mm, phoMlL eacuum Mmi, the osetHetee. 

Otan% uwt grfriiia abgnmi. 



□ AUDEUEUCTRWAL POWER eUCBUTtOHS.n 

m TYPICAL PROBLEMS FOLLY WORKED OUT- 

and explains the mathematical fonnulae and the fondamentaj electidcal laws fof all ttt ewi y day . 
practical problems In electricity — Ohm’s and Khchhcrff’s taws for Dirert Ourrent — the feaanttlptt tm 
application of altematlnp current— -problems In series and parallel circuits — tranyfcrmeri — transmisiloo 
lines — electrical machin« 7 . Valuable notes on Radio Circuit Calcuiation. 

With 2S9 Diaijrams, and Tables on Conwsion, Wire Gaupes and Capacities, etc. Other Data; S|ra<hatl« 
Formulae. 420 pages, fully diagrammed. Two parts (A.C. — D.C.). Indexed. 

EVERY ELECTRICAL WORKER & STUDENT NEEDS THIS MODERN "MATHEMATICAL TOOL^ 


□ AUDELS NEW ELECTRIC DICTIONARY $2 

FOR EVERY WORKER WHO HAS TO DO WITH ELECTRICITY. 

The language of your profession in convenient, alphabetical order so you can Instantly locjit# nm 
word, phrase or term. To be an expert in any line, you must "talk the language," Audeh New Elertitt 
Dictionary enables you to understand and explain electrical problems so your hearer will thoreoghly 
understand you. 

Defines more than 9000 words, terms and phrases In plain and unmistakable language, compiled with 
same accuracy and thoroughness that has characterized Audel books for S5 years. 

Valuable as an Encyclopedia of Electricity and as a Dictionary. 

AN ABSOLUTE NECESSITY TO EVERY ELECTRICAL WORKER AND STUDENT. 


□ AUDELS NEW RADIOMANS CUIDE $4 

A KEY TO THE PRACTICAL UNDERSTANDING OF RADIO. FOR RADIO ENGINEERS, SERVICE- 
MEN, AMATEURS. 

7M pages, 400 illustrations and diagrams. Sizi & x O'/i. 

Features: Radio fundamentals and Ohm's Law — physics of souno as related to radio science— dectrlcat 
measuring instruments — power supply units — resistors, Indicators and condensers— mdlo tywrsfunpars 
and examples on their designs — broadcasting stations — principle* of radio te!ephofiy—«w«um tubts— 
^adio receivers — radio circuit diagrams — receiver construction — radio control systems— lood 
antenna systems — antenna systems (automobile)— phonograph pickups — public address systtim— irNtrAft 
radio — marine radio equipment — the radio compass and principle of operation— radio 
matic radio alarms — short wave rauio— coH calculatiom; — radio testing — cathode ray oscUb 9 rmi)H— 
static elimination and radio trouble pointers — underwriter’s standards — unite and tahles. 
AUTHENTIC, CLEAR, CONCISE 


□ AUDELS NEW aECTRIC LIBRARY. .$I.B0 a 

FOR ENGINEERS, ELECTRICIANS, ALL ELECTRICAL WORKERS. MECHANICS AND STliDCNm 
Pretenting In simplest, concise form the fundametiUl principies, rules and afiptlcatian* Of 
alactrlclty. fully illustrated with diagrams Sc sketches, also calculations & tables for ready 
Helpful questions and answo's. Trial teste for practice, study and review. Design, oonstructlok, fltanihbw 
and malnteramre of modem electrical machines and appliances. Based on the beat apH 

experience of applied electricity. 

Voi. 1 — Principles and rules of electricity, magnetism, armature winding, rtpain — ^TflO 
410 pages. 

Vol. 1 — Dyrramos, D.C. -motors, construction, Installation, maintenance, trouW* atoothii — ill iliai- 
trations — 41« pages. 

VtJ. I — Electrical testing Instrumtnte and tests, storage battery canstructiw and r^aJrt— W Obit- 
trations — 472 pages 

Vel, 4 — Altematino current principles and diagrams, power factor, altimetors, ti WW 

illustratimis — 484 pages. 

Vof. AC. motors, windings, reconnecting, enalntenano.;, ctmwlBrt, iwitchei, fam, oMii 
breakers— 1489 IHurirations— 498 pages. 

Vol. 6— fWays, cohdensin. regulaton, rectifiw’s, meten, iwltcttoanH, power stat^w friihr 
Illustrations — Ml pages. 

Vel. 7 — Wh-lng — bouse, light and power, efreuite, high tension tnmsmlwlan, 
marine wiring practlce^-m# Hlustritlooi — 718 page*. 

Val. f — ftiihttys, signaht, «I«vatort, ignttlon— i«TS Ulustratiom — pMes. 

Vti. *— fUAle, teliphiroc. teleiragh, Ulevlsioo, weticn ptetaru— 7®t 
V 4 i, $0— NtfrlftraUtm, ithiminatlm, wtlding, x-rw, mqtJtfn tteWcal Mm 

tratioirt— 674 pase*. 

Vit «--6t4C4rfc wathMWtios wd o»taiWM#w — TDf. paia*. 'y.,-.,:.:..' 
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Check 

NOW! 

You Can 
Look Over 
Any Guide 
In Your 
Own Home 


Start the 
Easy Pay-' 
ments If 
Satisfied 


MAIL ORDER 

THEO. AUDEL & CO., 49 W. 23rd St., New York 10, N.Y. 
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I vAudols ELECTRIC MOTOR GUIDE , . $4 

. AudtSL. OtL BURNER GUIDE . . 1. 

I Audcfs REFRIGERATION & Air Condsticnmt^ Guide 4. 
I Audeis POWER PLANT ENGINEERS GUIDE . 4. 

I Audet'; PUMPS, HYDRAULICS &AiRCOIVIPRE3SOR5 4 
I AudeSs WELDERS GUIDE .... 1. 

i Audeis BLUE PRINT READING . . 2. 

I Audcls S'^EET METAL WORKERS Handy Book 1. 

I Audc!s SHEET METAL PATTERN LAYOUTS . 4 

I Audcis AIRCRAFT WORKER 1 

. ‘^.udtEs MATHEMATICS and CALCULATIONS 2 

I Audfis MACHINISTS & TOOLMAKERS Handy Look 4. 
I Audeli MECHANICAL Dictaonary ... 4. 

I AiadcSs AUTOMOBILE GUIDE ... 4. 

I Audeis D-iESEL ENGINE MANUAL . 2. 

I AudeSs MARINE ENGINEERS Handy Book 4. 

! Audeis MECHANICAL DRAWING GUIDE 1. 

Rogers MECHANICAL DRAWING and DESIGN 2. 

I Audcfs MILLWRIGHTS and Mechanics Gusde 4. 

I AudeEs CARPENTERS and BuHdt^rs Guidis i4 vofs ' 6. 

! Audeis PLUMBERS and Stcamfittcrs CuLdes (4 vo.s. ' 6. 
I Audcis MASONS and Builders Gindes (4 vofs.) . . 6. 

I Master PAINTER and DECORATOR .... 2. 

1 Audeis GARDENERS & GROWERS GUIDES 4 vofs G. 
I Audeis ENGINEERS & FIREMANS EXAMINATIONS 1. 
L AudeSs E?iG!NEERS and Mechanics Guides 

Nos„ If If 3, 4, S, 6, 7 and 8 complete . 12. 

[ AudeSs Answers on rractiral ENCtNEERING 1. 

i Audels ELECTRICSANS EXAMINATIONS 1. 

1 Audeis WIRING DIAGRAMS .... 1. 

1 Audeis Handy Book of PRACTICAL ELECTRICITY 4, 

I Audeis ELECTRICAL POWER CALCULATIONS . 2. 

I Audeis ELECTRONIC DEVICES 2, 

1 Audeis ELECTRIC Dictionary . . 2. 

Audeis RADIOMANS GUIDE 4. 


Audeis NEW ELECTRIC LIBRARY at S1.50 a Volume 
Vo!s. I, II, HI, IV. V, Vfl, VH, van, IX, X, XI, XII 


Name 


MAIL 

THIS 

TODAY 


AdcfrcYS 
Occupation^ 
Employed by 






140 235 


